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In both industrial metal cleaning and the dry- 

cleaning industry, the name, Detrex, stands out 

for dependable performance and operating 

features. Properly operated and maintained, 

Detrex equipment is safe and meets all ac- 

cepted hygiene and ventilation requirements. 

To insure proper operation on a continuing 

basis, Detrex field technicians are always avail- 
able for periodic inspections of equipment and 
operating conditions. They also assist in the 

training of operators and are recognized 

throughout industry as the leaders in this type 

of educational program. 
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HOW CLEAN... 
HOW SAFE 


Is the Air in Your Community ? 


To determine the amount of air pollution . . . You can monitor the 
atmosphere with A.I.S.I. Samplers 


There are two types of A.LLS.Il. Samplers—the establish the source and distribution of air pollu- 
A..S.1. Automatic Smoke Sampler and the A.L.S.I. tion, Both samplers operate continuously, so that 
Hydrogen Sulfide Sampler. Use them to obtain you can monitor the atmosphere 24 hours a day, 
a record over an extended period of air pollu- at regular intervals of Y2, 1 or 2 hours. 

tion concentration, and to provide data to 


A.1.$.1. AUTOMATIC SMOKE SAMPLER 


. . Samples city atmosphere to determine smoke 
and haze concentration. Because of its low cost 
you can locate a large number of them for more 
comprehensive recording; and its quietness over- 
comes objections to location in residential areas. 


A.i. 5.1. HYDROGEN 
SULFIDE SAMPLER 


. indicates hydrogen sulfide con- 
centration as low as one part per 
billion parts of air. Operates on same 
principle as Air Sampler but is fitted 
with air filter to remove suspended 
solids; and tape assembly is enclosed 
to prevent blackening of tape outside 
sample spot. 


TO EVALUATE RESULTS 


. Research Appliance Company manufac- 
tures a Spot Evaluator with which the spots 
are evaluated by measurements of light trans- 
mission. 


Write for prices and for complete information on construction, operation and performance 
details of both the samplers and the evaluator. 


RESEARCH APPLIANCE COMPANY 


BOX 307 ALLISON PARK, PA. 
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Get this informational folder 


on facts about NOISE...FREE 


Here’s a series of practical, down to 
earth discussions about industry’s big 
noise problem. This folder is free and 
yours for the asking. Title: Toward a 
Better Understanding of Noise. 

Written and presented to give you 
as much information as possible on 
noise, this folder will help you clear 
up a lot of questions concerning this 
important subject. 

A run-down of some of the titles 


MINE SAFETY APPLIANCES COMPANY 


At Your Service: 83 Branch Offices in the United States and Canada 


of these discussions includes: A Sim- 
ple Explanation of How We Hear 
Noise; Let’s Unscramble the Noise 
Vocabulary; and What You Must 
Know to Identify Harmful Noise. All 
of these messages are full of facts, and 
will furnish you with an ideal refer- 
ence for answers to noise problems. 

Your request will receive prompt 
handling, with no obligation. Write 
for this free folder, today. 


Also available—free booklet I 

on noise containing 16 pages 

of pertinent questions and an- 
swers. Easy-to-understand, 
practical information. Send for | = 
this booklet, today. 


201 North Braddock Avenue 
Pittsburgh 8, Pennsylvania 


¥ 
3 
| 
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T HELSINKI, FINLAND, the twelfth International Congress on Occupa- 

tional Health was held during the week of July 1. It was a notable 
meeting from several points of view. In the first place there was a large 
United States delegation but, more important, for the first time there was 
strong representation from AIHA. It is, also significant that, for the first 
time, industrial hygiene had an important place on the program. There 
were concurrent sessions devoted to industrial hygiene norms, industrial 
noise, radiation hazards and prevention, toxicology and human engineering. 

Important differences of significant magnitude were reported by sev- 
eral countries in the field of hygienic standards. During the discussion 
it became evident that some attempt should be made to reconcile these 
differences. Accordingly, a committee was set up by the Permanent In- 
ternational Committee on Industrial Medicine to explore the possibility 
cf sponsoring an international conference on hygienic standards. The 
purpose of such a meeting would be to examine evidence on which various 
national standards are based in order to try to arrive at agreed levels 
which could be of use internationally. The plea for such agreed standards 
was made largely by representatives of several smaller countries which 
depend on nations having adequate data for guidance in this field. If such 
a conference is set up it will be most desirable for United States repre- 
sentatives to take an active part. It is expected that our membership will 
be kept informed by the Permanent International Committee. 


NOTHER significant development of vital interest to our membership 
was the decision to hold the next International Congress on Occupa- 
tional Health in New York during 1960. This will be the first time the 
United States has been host for this conference. Informal discussions 
among the United States delegates in Helsinki indicated the need for long 
range planning for this meeting. One of the most important points raised 
was the suggestion that consideration should be given to eliminating the 
Industrial Health Conference held annually by AIHA, ACGIH, IMA, AAIN, AAID 
in 1960 and putting our entire effort into the international conference. 
While this is still three years away all of our membership should consider 
seriously the impact of such a move on our Association’s activities. Your 
Executive Committee and Board of Directors will follow these developments 


closely and keep you informed. 
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Hazard Evaluation’and Control Covering A Five-Year Study 


R. N. MITCHELL and E. C. HYATT 
University of California, Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 


le PURPOSE of this paper is to present 
data illustrating that it is feasible to 
install engineering control measures that 
permit continuous beryllium processing op- 
erations at AEC recommended tolerances. 

Industrial hygiene studies! of plants 
where beryllium has caused injury or illness 
have produced information on which a maxi- 
mum permissible level could be based, and on 
August 10, 1951, the AEC issued “Recom- 
mendations for Control of Beryllium Haz- 
ards,” applicable to all contractors, which 
included the following standards: 

A. The inplant atmospheric concentration 
of beryllium should not exceed two micro- 
grams per cubic meter (»g/M*) as an aver- 
age concentration throughout an _ eight- 
hour day. 

B. Even though the daily average might 
be within the limits of the preceding para- 
graph, no personnel should be exposed to 
a concentration greater than 25 »g/M® for 
any period of time, however short. 

C. In the neighborhood of a plant hand- 
ling beryllium compounds, the average 
monthly concentration at the breathing 
zone (BZ) level should not exceed 0.01 
pe MS. 

Responsible industrial health authorities, 
however, have been reluctant to recommend 
even a tentative permissible level for the 
guidance of industry. In 1956 the AIHA did 
publish in their Hygienic Guides? a tenta- 
tive tolerance level with comparable pro- 
visions. 

Throughout the Los Alamos Scientific 
Laboratory extensive control measures have 


This study was conducted under the auspices of the 
Atomie Energy Commission. 


been in effect since they were first recom- 
mended by Dr. Harriet Hardy in 1948. 
At that time, Dr. Hardy was in charge of 
the Occupational Health Program at LASL. 
In the same year, the Industrial Hygiene 
Program was initiated by Harry Schulte, 
the present Industrial Hygiene Group 
Leader. The Industrial Hygiene Group 
made periodic surveys of the beryllium 
machining operations from early 1948 
through August 17, 1951. After that date, 
daily air samples were collected whenever 
beryllium was being machined. 

Beryllium and beryllium compounds are 
not used by uninstructed or unsupervised 
groups in any operation that produces at- 
mospheric contamination. Although the In- 
dustrial Hygiene Group has made studies 
on many operations using beryllium or its 
compounds for brief periods, this paper 
will report only on evaluation and control 
of hazards during beryllium metal machin- 
ing. 

The engineering control measures devised 
and installed are discussed. The air cleaning 
systems are discussed along with the re- 
sults of air sampling to evaluate their 
performance. The summary of all air samp- 
les collected along with methods of air 
sampling are also presented. 


Method of Air Sampling and Analysis 
‘THE FIRST beryllium air samples were col- 
lected with an electrostatic precipitator 
(ESP) and all air samples were sent to 
the University of Rochester for analysis 
until June, 1950. The electrostatic precipi- 
tator was used until August, 1951. 
A 1% inch sampling head with a What- 
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Fig. |. 
Original lathe hood installed in old beryllium 
shop. The hood completely encloses the lathe 
work area and the addition of a three-inch duct 
extends to a point adjacent to the cutting tool 
to capture the dust at its source of generation. 
The exhaust duct has a screen over its end to 

prevent large chips from entering. 


man #41 filter paper was used for air samp- 
ling from September, 1951 through 1955. 
A portable Gast pump equipped with a ro- 
tameter was used to draw the air at 20 
liters/minute through the sampling head. 
In 1956, Whatman #44 filter paper was 
used at a sampling rate of 10 liters/minute. 

Beginning in June, 1951, the Industrial 
Hygiene Laboratory analyzed all of the 
beryllium air samples. The method? is based 
on the fluorescence of morin with beryllium 
in an alkaline solution. There is little in- 
terference by other substances when con- 
ditions are rigorously controlled. From 0.05 
to 300 »g of beryllium can be determined 
satisfactorily with this method. 

A continuous air sampler using Whatman 
#4 filter paper was used to check the sug- 
gested tolerance of 25 ywg/M® for short 
periods of exposure. The sampler was set 
to collect hourly general air samples in the 
vicinity of the machining operations at 
a sampling rate of 20 liters/minute. Start- 
ing in 1954, the hourly general air samples 
were analyzed only when a BZ sample, run 
for an eight-hour period, approached the 
tolerance level. 


Evaluation and Engineering Control Measures 
[NDUSTRIAL hygiene surveys were initiated 

in 1948. At that time, beryllium machin- 
ing was done in the center of the main 
machine shop with a flexible exhaust duct 


September, 1957 


Two lathe hoods are shown in the foreground 
of the beryllium shop. In the background a 
mill hood and a surface grinder are shown. The 
drill press with flexible duct exhaust is obscured 
by a lathe. The working area is roped off from a 
noncontaminated entrance way as illustrated. 


near the cutting tool. In 1949, an addition 
was built onto the main shop and in this 
addition only beryllium was to be machined. 
All machines were equipped with local 
exhaust hoods. The system devised is il- 
lustrated in Fig. 1. The air concentration 
in 1948-49 never exceeded 25 yg/M, and 
was below 2.0 »g/M® approximately 50% of 
the time. 

When the AEC tolerance levels were put 
into effect in August, 1951, daily air samp- 
ling was initiated. In 1951, 96% of 160 air 
samples collected were below 2.0. »g/M3. 
ENLARGEMENT OF OLD BERYLLIUM SHOP: 

In January, 1952, the exhaust system was 
enlarged to provide a larger quantity of 
air for each machine and to add an addi- 
tional lathe and mill to the shop. The blower 
was capable of exhausting 2,000 cfm 
through the five local exhaust hoods in 
the shop, thus providing approximately 500 
cfm for each hood. This made it possible 
to enlarge the working opening in the 
hoods and maintain an adequate dust cap- 
ture velocity. None of the air samples col- 
lected in 1952 was above 2 p»g/M%. The 
reduction of beryllium atmospheric con- 
centration is further demonstrated by re- 
viewing all samples collected from January 
through July, 1953 when the old shop was 
closed. Of the 398 air samples collected 
during this period, only 14 were above 2 
pug/M%. The maximum concentration was 
5.0 
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NEW BERYLLIUM MACHINE SHOP: 

The beryllium machine shop was moved 
to a new permanent building in September, 
1953. An over-all view of the present shop 
is shown in Fig. 2. The design criteria 
for the exhaust system and air cleaner 
were recommended by the Industrial Hy- 
giene Group and the hoods were designed 
and constructed by the Shops Department. 
The many factors to be considered by the 
engineer in designing these hoods have 
been discussed by Schulte, et al.5 The order 
of toxicity of the metal to be machined 
is naturally the most important factor. 
Other factors to be considered are type 
of ‘machine, techniques of machining, 
the size and shape of pieces to be ma- 
chined, and physical properties of the 
metal. The low density of beryllium means 
that the particles have small inertia 
and are relatively easy to capture. In ad- 
dition, decontamination of the hood must 
be made as easy as possible. LASL Shops 
Department estimates that it costs approxi- 
mately 30% more to machine beryllium 
with the existing local exhaust hoods than 
beryllium on open lathes. 

Hoods incorporating most of these con- 
siderations are illustrated in Figs. 3 through 
7. These hoods have been modified contin- 
ually to improve their collecting ability 
and it is not suggested that they represent 
the ultimate in design. The analysis of air 
samples has been the standard against 
which hood performance has been measured. 
LATHE Hoop, Fic. 3: 

This hood is made of lucite and brass. 
The normal working area is 4.0 sq ft with 
an average face velocity of 190 fpm. The 
duct is extended to give a velocity past the 
cutting tool of 600 fpm. The entire door is 
opened for a setup. 

LATHE Hoop, Fic. 4: 

This represents a recent hood design. 
The normal working area is 2.7 sq ft with 
an average face velocity of 175 fpm. 

MILL Hoop, Fie. 5: 

The degree of flexibility required makes 
it necessary for the hood enclosure to be 
open at both the front and back. Two ex- 
haust ducts are used to provide adequate 
air flow under varying conditions. One duct 
is extended to a point near the cutting tool. 
SURFACE GRINDER HOOD, FIG. 6: 

The flexible duct is used to accommodate 
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a moving bed. The average face velocity 
through the 1 sq ft. of working area is 
600 fpm. 


Fig. 3. 
Lathe hood — intermediate design. 


Fig. 4. 
Lathe hood — recent design. 


Mill hood. 


’ 
4a} | 
\ ¥ 
i 
>. 
5 
‘ 
Fig. 5. 


Fig. 6. 
Surface grinder hood. 


INDEX MILL, FIG. 7: 

This index mill is also used as a drill 
press. With the six-inch flexible duct in 
the location shown, the velocity past the 
drill is 900 fpm. The duct exhausts ap- 
proximately 500 cfm. This flexible exhaust 
duct is also used for other miscellaneous 
jobs. 

The volume of air in cubic feet per min- 
ute drawn through these hoods varies some- 
what with the number and the size of open- 
ings required for specific jobs. Design 
criteria for the hoods as normally used 
are shown in Table I. 

SUMMARY OF AIR ANALYSES: 

The results of all air samples collected 
during the five-year period, 1952 through 
1956, are shown in Table II. Of the 1852 
air samples collected in the workroom, only 
1% were above 2 y»g/M*. None of these 
was above 25 »g/M3. Of all these samples, 
50% were below 0.05 yug/M%, the lower 
limit of detection for the volume of air 
sampled. Of the total number of air samples 
collected, 980 samples were hourly general 
room air samples. 

The results of the general air samples 
collected over the five-year period are shown 
in Table III. The purpose of the hourly 
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Fig. 7. 
Index mill with local exhaust duct near drill. 


sampling was to determine whether the 
permissible short term exposure of 25 
p»g/M® was exceeded during the day. There 
were 605 hourly samples collected in 1953 
and analyzed. Only three samples were 


TABLE I. 
VENTILATION DATA 


Working Opening 


Face Velocity, 
fpm 


Volume of 
Air cfm 


Area, 
Sa. Ft. 


Lathe No. 1 760 4.0 190 
Lathe No. 2 470 2.7 175 
Lathe (Old Shop) 200 0.75 270 
Mill Front 900 1.8 500 
Mill Back 730 1.5 490 
Surface Grinder 600 1.0 600 
Drill Press 600 Flexible Duct Only 


Machine 


TABLE II. 
SUMMARY OF ALL AIR SAMPLES COLLECTED 
IN BERYLLIUM MACHINE SHOP 


Percent Less Than Stated 
Concentration, ug/M* 


No. of 
Samples 


1952 140 
1953 (Old Shop) 398 
1953 (NewShop) 330 
1954 333 
1955 166 
1956 485 
5-Year Total 1852 


Year 


210 I 
a 
= 
| 0.05 0.1 0.2 41.0 2.0 25.0 
39 70 883 99 100 
20 48 74 93 96 100 
69 89 97 99 100 
54 99 100 
69 76 86 99 100 
56 78 89 99 100 
50 72 87 98 99 100 
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above 2 »g/M*® and none above 25 p»g/M?. 
Starting in 1954, the hourly samples were 
collected, but only analyzed when it was 
deemed advisable. None of the hourly air 
samples analyzed in the last three years 
has been above 2.0 »g/M3. 

The effectiveness of the individual ma- 
chine hoods is demonstrated by reviewing 
operator BZ air samples collected at each 
type of machine. All air samples collected at 
the BZ of the lathe operator are shown in 
Table IV. Of these samples, 60% are below 
0.05 »g/M*. Of the 477 air samples collected, 
3% are above 2.0 »g/M?’, but below 25.0. 
All of these high samples were collected in 
the old shop in 1953. 

The BZ samples collected at the mill are 
shown in Fig. 5. Only 40% of the 203 
samples collected were below 0.05 yug/M3. 
Two samples collected in the old shop in 
1953 were above 2.0 »g/M*. While 99% 
of the mill air samples were below the per- 
missible level, the average concentration 
was approximately twice that of the samples 
collected at the lathe. 

The results of air samples collected dur- 
ing other operations are of interest in evalu- 
ating the control measures. The drill press 
is equipped only with an exhaust duct, but 
none of the 57 air samples collected during 
this operation was above tolerance and 
35% were below 0.05 »g/M°. The maximum 
concentration never exceeded 1.0 »g/M?. 
The surface grinder is used only infre- 
quently, and only nine air samples have been 
collected during grinding operations. This 
represents the only beryllium machining 
operation using a liquid. Eight of the 
samples were below 0.05 ,»g/M°, and the 
maximum concentration was 0.5 »g/M3. 

Air samples have been collected in the 
BZ of the janitor during cleaning opera- 
tions. None of these samples has exceeded 
2.0 ug/M* and they are usually below 0.1 
ug/M*®. When the dynamic separator is 
opened and cieaned, the air concentration 
in the filter room has never exceeded the 
permissible level. 

The filter room is located above the ma- 
chine shop, but is entered from a hallway 
common to the shop. It is recognized that 
the air concentrations in this room can po- 
tentially be high, due to possible leaks in 
the ducts and air cleaning system. A total 
of 258 general room air samples have been 
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collected in the filter room. None of these 
has been above 2 »g/M?®, whereas 244 were 
below 0.05 »g/M?. 


Air Cleaning 


DURING the early months of 1952, a cloth 

tube filter was installed outside the old 
beryllium machine shop. The unit consisted 
of two identical steel chambers, each con- 
taining 32 (5” x 70”) cloth tubes. The total 
cloth area per section of 32 bags equals 
254 sq ft. Since we anticipated shaking only 
every few months, both chambers operated 
continuously with a total capacity of 2,000 
cfm. The filtering velocity was 4 fpm. As- 
bestos floats were flocked on clean sateen- 
weave cotton bags to increase their effici- 
ency for the low dust loadings. Silverman® 
reported a smoke collection efficiency of 
99.9% with 200 grains of asbestos floc per 


TABLE ITI. 
SUMMARY OF HOURLY GENERAL AIR SAMPLES 
COLLECTED IN BERYLLIUM MACHINE SHOP 


Percent Less Than Stated 
Concentration, ug/M?® 


No. of 
1952 80 
1953 (Old Shop) 325 
1953 (NewShop) 288 
1954 175 
1955 19 
1956 93 
5-Year Total 980 
TABLE IV. 
SUMMARY OF AIR SAMPLES COLLECTED AT 
LATHES MACHINING BERYLLIUM METAL 


Year 


25.0 


Percent Less Than Stated ; 


3 
Concentration, ug 


Samples 0.1 O.2 1.0 2.0 


1952 57 55 96 100 
1953 98 58 84 89 
1954 108 86 99 
1955 86 90 100 
1956 128 91 106 
5-Year Total 477 78 96 97 


SUMMARY OF AIR SAMPLES COLLECTED AT MILL 
WORKING BERYLLIUM METAL 


Percent Less Than Stated 
Concentration, ug/M* 


No. of 
Samples 0.05 0.1 0.2 1.0 2.0 
3 67 
14 79 86 
46 33 68 
61 46 53 
79 32 54 
5-Year Total 203 40 58 


00 
00 
00 
100 
100 
— 
TABLE V. 
25.0 
100 
100 


TABLE VI. 
RESULTS OF DUST TUBE COLLECTOR EFFICIENCY 
TESTS DURING BERYLLIUM MACHINING 


Loading Collection Efficiency 
ug Be/M* by Weight 
0.1 to 10.0 92.8% 
10.0 to 100.0 97.0% 
1060.0 to 300.0 98.8% 
New Shop (Filter Relocated) 
0.3 to 50.0 97.9% 
50.0 to 100.0 99.9% 


TABLE VII. 
SUMMARY OF BERYLLIUM SHOP STACK 
EFFLUENT SAMPLING 


Percent All Samples Less Than 
Stated Concentration, ug/M* 


Year Samples 0.05 0.1 0.2 12.0 2.0 25.0 
1952 0 
1953 (Old Shop) 48 44 46 59 82 94 100 
1953 (New Shop) 16 0 13 «32 70 100 
1954 68 34 88 54 92 100 
1955 49 67 79 «689 © «6100 
1956 128 67 92 97 100 
Total 309 53 67 77 94 99 100 


sq ft of cloth. The quantity of asbestos 
required to produce high filtration efficiency 
is dependent to a large extent on how uni- 
formly the fibers are dispersed on the cloth. 
We added asbestos to the cloth tubes until 
the resistance rise was 0.3 inch of water 
gage. The collection efficiency was deter- 
mined by isokinetic sampling during normal 
machining operations. The results of these 
tests are shown in Table VI. 

Samples collected with a cascade im- 
pactor in the duct before the filter indicate 
the mass median diameter is approximately 
4.0 microns. 

AIR CLEANING SYSTEM (NEW SHOP): 

The operations in the new beryllium shop 
were started in October, 1953. The cloth 
tube filter used in the old shop was installed 
in a filter room above the machine shop. A 
dynamic separator was installed before 
the cloth tube filter. The purpose of the 
separator was to remove chips and large 
particles before the contaminated air en- 
tered the filter. The capacity of the new air 
cleaning unit ranged from 1700 to 2300 cfm, 
depending on how many hood dampers were 
open. The static pressure across the cloth 
tube filter when installed was 0.05 inch of 
water gage. We installed orlon bags rather 
than cotton and did not use a filter aid. Sil- 
verman® reports the collection efficiency of 
clean orlon bags to be 60% for atmospheric 
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dust compared to 30% for cotton. During 
the first three years of operation of the 
cloth tube filter, the pressure drop has in- 
creased to 0.5 inch of water gage. With 
the dynamic separator the dust loading on 
the cloth tube filter is so low that we es- 
timate only 10 pounds of beryllium has 
collected in the filter hopper. After three 
years of operation, it was necessary to clean 
the separator hopper, and we found 200 
pounds of beryllium chips in it. 

The over-all effectiveness of an air cleaner 
can only be measured by the quantity of 
dust exhausted through the stack. Con- 
tinuous stack samples were collected down- 
stream of the dust tube filter in both lo- 
cations. The results of these tests are shown 
in Table VII. It is interesting to compare 
the air concentration in the stack effluent 
with the concentrations reported in the 
workroom of the shop (87% of shop samples 
below 0.2 uwg/M3, 77% of stack). It will 
be noted that the stack effluent concentra- 
tion has never exceeded 25 p»g/M%. Of the 
309 samples collected from the stack in 
a five-year period, 99% of all samples were 
below 2 

The orlon bag without a filter aid was 
not as effective as the asbestos flocked 
cotton bags for the first few months of 
operation. None of the samples was below 
0.05 yg/M3, however, none of the stack 
results during this period was above 2.0 
ug/M3. 

No tolerance has been suggested for beryl- 
lium stack discharge. It is our opinion that 
with our low stack concentration the di- 
lution upor: discharge is so great that the 
recommended neighborhood tolerance of 0.01 
ug/M®? has never been exceeded. 


Housekeeping 


yX ADDITION to capturing the dust at its 

source of generation, the next most im- 
portant control measure is that of good 
housekeeping. The beryllium machine shop 
is thoroughly washed down weekly and 
surface swipe tests made to keep the amount 
of loose beryllium dust below 25 yg/ft?. 
The floor and machines are always wet- 
scrubbed rather than swept dry. 

Every effort is made to prevent the spread 
of beryllium contamination. We are par- 
ticularly anxious that none of the material 
be carried home by the workmen on clothing 
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or shoes to give potential exposures to mem- 
bers of their families. This is prevented 
by the provision of complete protective 
clothing with adequate shower facilities. 
Protective clothing consists of coveralls, 
underwear, socks, and safety shoes. 
SURFACE CONTAMINATION: 

Surface swipe tests have been made in 
both the old and the new beryllium shop 
since 1951. The swipe tests are made by 
swabing about 1 sq ft with a 15 cm What- 
man #41 filter paper. We have never found 
surface contamination higher than 50 yg 
of beryllium per square foot of surface. 
This applies to the floor, outside surfaces 
of hoods, and fixtures in the shop. It is in- 
teresting to note that the surface contami- 
nation on the floor, machinist’s hands, and 
miscellaneous fixtures generally ranges from 
10 to 25 


Summary 

EXPERIENCE at the Los Alamos Scientific 
Laboratory over a five-year period has 

shown that with proper control of hazards 

during beryllium metal machining, the 

AEC recommended standards can be met 

satisfactorily. 
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Noise Symposium 


HE Eighth Annual National Noise Abatement Symposium will be held October 

10-11, 1957, at the Sherman Hotel in Chicago. It will bring together scientists, 
architects, manufacturers, physicians and civil authorities from all sections of 
the country to study noise problems and learn of current trends and achievements 
in the field. The program will cover factory noise, community noise, and types 
of acoustical treatments and their limitations. A panel discussion of noise re- 
duction concepts and practices will be conducted by LEWIS S. GOODFRIEND, Editor 
of Noise Control magazine. The Symposium is sponsored jointly by: Armov- 
Research Foundation of Illinois Institute of Technology, Acoustical Society 
America, American Society of Safety Engineers, National Noise Abatement 
Council, American Society of Planning Officials, American Industrial Hygiene 
Association, Acoustical Materials Association, and Noise Control magazine. 
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Supply and Exhaust Ventilation 
FOR THE CONTROL OF METAL PICKLING OPERATIONS 


GEORGE M. HAMA 


Bureau of Industrial Hygiene 


UPPLY and exhaust, or “push-pull” ven- 
tilation is especially applicable to hot 
acid pickling operations. These steel pick- 
ling processes consist of placing steel stock 
(for the removal of scale and rust) into 
large tanks containing hot dilute sulfuric 
acid. The sulfuric acid content varies from 
5% to 10% H.SO,. The tanks are often of 
large dimensions; tanks up to 15’ wide and 
30’ long have been observed. The liquid is 
heated by steam coils or submerged com- 
bustion units up to temperatures of 190°F. 
The pickling tanks are generally placed par- 
allel (along the longest dimension) to a 
series of rinse tanks closely spaced together 
(See Fig. 1). 

It is desirable to ventilate these tanks 
for the following reasons: 

1. The pickling process results in en- 
trainment of sulfuric acid droplets into the 
workroom air. This mist is highly irritating 
to the eyes, nose and throat and at times 
may be unbearable to the workers. 

2. The acid mist and steam cause rusting 
of metal, rotting of wood, and corrosion 
which results in increased depreciation and 
maintenance costs. 

3. The large quantities of steam and fog 
reduce the visibility to the extent that 
safety may be jeopardized. 

4. Neighborhood nuisances may be cre- 
ated from unventilated tanks. This condi- 
tion can be to some extent alleviated by 
ventilating the tanks and discharging the 
contaminated air through a high stack or a 
scrubber. 

Methods of ventilating these tanks are: 
(a) general ventilation; (b) local slot ex- 
haust ventilation; and (c) supply and ex- 
haust (push-pull) ventilation. 


Presented at the Nineteenth Annual Meeting, American 


Conference of Governmental Industrial Hygienists, St. 


Louis, Missouri, April 23, 1957. 


Detroit Department of Health 


Overhead canopy hoods, enclosing hoods, 
and tunnel hoods cannot be applied to this 
process, as free access is needed both from 
the top and sides for the overhead crane 
loading of steel stock (See Fig. 1). 

General ventilation is probably the most 
widely used method. It is, however, un- 
satisfactory in most cases because of the 
poor efficiency of control. Also, the large 
air volumes necessary cause increased heat- 
ing costs and excessive cooling of the work- 
room in winter time. 

Slot exhaust ventilation of the type used 
on plating tanks has not been used exten- 
sively on large acid pickling tanks. Heated 
tanks of this size require slots along the 
two sides of the tank with air flows of at 
least 200 to 350 cfm per a square foot of 
tank area to give a fair degree of contro. 
Slots the long way of the tank often cannot 
be used as the tanks are placed too close 
together for an adequate plenum space to 
give good distribution. Because of the large 
tank dimensions in width as well as length, 
the capture of steam and mist in the center 
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of the tank is not always accomplished. For 
these reasons, lateral slot ventilation is 
often ineffective, poorly designed and not 
infrequently consists of a wall fan of the 
propeller type connected by a short duct to 
a hood at the narrow end of the tank. This 
arrangement provides ventilation for only 
a quarter to a half of the tank. (The visible 
mist and fog from the tank provides a good 
visual means of observing the effectiveness 
of the ventilation hoods.) 

Supply and exhaust (push-pull) systems 
are the outcome of an attempt to improve 
the one slot exhaust system of the type 
just mentioned. In an attempt to direct the 
mist and steam from the unventilated por- 
tion of the tank beyond the effective zone of 
the exhaust slot, a stream of air is blown 
from the edge of the tank opposite the ex- 
haust hood towards the hood. This type of 
system has not been extensively used for 
large tanks largely because of the lack of 
suitable and easily applied design data. If 
properly designed, this method has the fol- 
lowing advantages over aforementioned 
methods: 

1. Efficiency of control is good. 

2. Smaller volumes of exhausted air can 
be used, reducing capital costs on fan equip- 
ment and conserving heat. 

3. The slot can be installed on one narrow 
side of the tank and it requires only one 
duct which is generally placed on the out- 
side wall. This does not interfere with the 
loading of stock or the movement of the 
overhead crane. 

Supply and exhaust systems have the dis- 
advantage that during the putting in and 
removal of parts to be pickled, there is some 
interference with the air flow pattern from 
the supply slot, this causes a momentary 
dispersion of mist and steam into the air. 
This is not serious, however, in steel pick- 
ling as the interference occurs only for a 
few seconds while the period the steel is 
in the tank is a number of minutes, often 
15 to: 30 minutes. 

A diagramatic sketch of a push-pull sys- 
tem is shown in Fig. 2. Air is blown across 
the face of the liquid from the pressure 
slot hood on the left-nand side of the dia- 
gram into the lateral exhaust hood on the 
far end of the tank. The supply air in being 
blown across the tank towards the exhaust 
hood mixes with the surrounding air and 
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entrains it so that with increasing distance 
from the slot the air volume constantly in- 
creases. The volume of exhausted air at the 
receiving hood must obviously be greater 
than the final combined volume of supply 
air and entrained air that reaches it. The 
supply and entrained air jet stream diverges 
with increasing distance from the slot so 
that at the exhaust the height of the supply 
stream is sizeable: to be effective the ex- 
haust hood must be high enough to accom- 
modate it. The angle of the supply and 
entrained air jet stream is approximately 
10° to 12°. 

There have been various ratios of supply 
to exhaust air recommended,!:? in general, 
however, the push-pull systems investigated 
have been mainly on relatively small tanks. 
Several large systems that have been ob- 
served have failed to work properly because 
too large a volume of supply air has been 
used. This overloads the exhaust hood caus- 
ing spillage out of the hood, or requires un- 
necessarily high or large volumes of exhaust 
air to take care of the supply air. Obviously, 
the ideal condition is to provide just enough 
supply or positive pressure air to direct the 
mist and vapor from the far end of the tank 
into the zone where a minimum quantity of 
exhaust air from the exhaust hood sets up 
a definite movement of air towards the ex- 
haust hood, thus effecting complete capture. 

Inasmuch as there is little theoretical 
data on push-pull systems for large tanks 
of this type, the data obtained for this 
paper was obtained empirically by trial and 
error methods. A rough indication of the 
increase in air volume due to entrainment 
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was obtained from work done on air en- 
trainment ratios on supply air slots used 
for room ventilation.*:+ It appears from this 
work that entrainment ratios increase with 
distance and for large tanks were probably 
quite high and of the magnitude of 1:20 
and greater. 

As previously stated, attempts to exhaust 
the large tanks with a single exhaust slot 
on the narrow end and with air flows of 
200 - 350 cfm per a square foot of the tank 
area indicated from visible mist and fog 
that only a half or less of the tank was 
ventilated, and escape of mist and vapor 
took place at the far end of the tank. It 
appeared, however, that if air were blown 
across these tanks from the far end by 
means of a supply slot, that control could 
be improved. A pressure supply slot was 
therefore installed on the far end of a tank 
directing the air toward an existing exhaust 
hood (exhausting about 200 cfm per a 
square foot). 

The slot was equipped with a centrifu- 
gal fan and a damper for regulating the 
air flow, a slot area was arbitrarily se- 
lected to give a velocity of 1500 - 2500 fpm. 
Various air flows were tried in the pressure 
slot to determine the minimum quantity of 
supply air which effected good control as 
noted by observing the mist and fog. The 
pressure slot air flow was dampered down 
to the point where good control was just 
barely attained, and the damper was fixed. 
This setting of the damper resulted in a 
lateral velocity of about 150 - 200 fpm, 
two-thirds of the tank distance from the 
supply slot on 17-foot tank. With the air 
flow through the supply slot set at this 
position, the exhaust air flow was then re- 
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duced from about 200 cfm per a square foot 
of tank area to a point where good control 
was just attained. Insufficient exhaust air 
manifested poor control by an escape of 
mist, visible fog and vapor from the outer 
edges of the exhaust hood. This appears to 
indicate the volume of air exhausted was 
less than the supply air together with en- 
trained air comiug into it. Results of this 
trial and error test are as follows: 


Tank size 17’ x 8.5’ (Tank is illustrated in 
Fig. 3.) 

Required supply air (pressure slot), 840 cfm 
(5.8 cfm/sq/ft) 

CFM 
per Sq. Ft. 
Tank Area 

190 


Total Exhaust 
Air CFM 
27,000 


Remarks 

Damper open, 
complete cap- 
ture 

Complete cap- 
ture 

Just complete 
capture 

Occasional es- 
cape at one 
corner of 
hood 

Escape at side 
of hood 


19,000 130 


18,000 125 


16,000 110 


13,500 95 


Exhaust hood height 3’ 6” 


A similar installation on a 27’ x 7’ tank 
illustrated in Figure 1 required the follow- 
ing air flows: 


Exhaust 150 cfm/sq. ft. 28,000 cfm 
Supply 6.3 cfm/sq. ft. 1200 cfm 
Slot velocity 2000 fpm 

Exhaust hood 6’ 


height 


The entrained air pattern from the slot 
has been observed to diverge or fan out so 
that the height of the air stream is sizeable 
at the point where it reaches the exhaust 
hood (see Fig. 2). The exhaust hood must 
be, therefore, high enough so that the 
stream of air from the pressure slot does 
not blow over the hood. The angle of diver- 
gence has been observed to be 10° or 12°. 
The maximum height of the stream is the 
tank length times the tangent of the angle. 
The height of the hoods were calculated on 
the basis that the angle = tan.! .2. There- 
fore, the minimum height of the hood would 
be equal to the length of tank x .2. (AI- 
though they were not used on these instal- 
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lations, side wing baffles on the exhaust 
hood may improve control.) 

On the basis of experimental data ob- 
tained from several large hot sulfuric acid 
pickling tanks, the following design data is 
suggested for tanks in the size range of 
15 ft to 30 ft long with the hoods in the 
narrow ends of the tank: 


Pressure or Push Slot 

PROVIDE a slide damper for adjusting air 
flow. Design for maximum air flow vol- 

ume of 7 cfm/sq ft of tank area. Design 

for a slot velocity of 2000 fpm. Use sufficient 

plenum for uniform distribution. 


Exhaust Hood 


MINIMUM hood height = 0.2 x tank length 
(Side wing baffles may be used). Ex- 
haust air flow volume 125 to 150 cfm/sq ft 
of tank area depending on liquid turbulence, 
cross drafts and safety factor in control 
desired. 
When installation is complete, the supply 
or “push” air flow should be regulated by 
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the slide damper. Supply air flow should be 
dampered down to point where control is 
just attained. When the proper quantity is 
arrived at, the damper should be perma- 
nently fixed. 


Summary 


N EFFECTIVE method of local exhaust ven- 

tilation has been described for rather 
difficult to ventilate large acid pickling 
tanks. The method consists of a supply or 
“push” slot and exhaust or “pull” hood. 
Air flow specification and hood sizes are 
given for a select size of large tanks (15 ft 
to 30 ft long). 
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Air Pollution 


N INTENSIVE two-week course on Air Pollution will be given by the New York 

University Post-Graduate Medical School, in cooperation with the NYU 
College of Engineering, from December 2 through 138, 1957. The course is designed 
for engineers, industrial hygienists and physicians concerned with the problem 
of community air pollution. The course will review the basic toxicology of the 
principal air pollutants, micrometeorological factors, the effects of air pollution 
on agriculture and commerce, and methods for sampling and analyzing the 
various toxic components. Also described will be the sources of air pollution, 
including power and steam generation, domestic heating, incineration, internal 
combustion engines, and industria] effluents. Methods of control and the pattern 
of governmental regulations will be studied. Tuition for the course is $90.00. 
Inquiries concerning the course should be sent to the Associate Dean, NYU 
Post-Graduate Medical School, 550 First Avenue, New York 16. 


Noise Control in New Plant Design 


J. W. JACKSON, JR., Construction Engineering Division 
THOMAS B. BONNEY, Industrial Hygiene Department 
S. E. BITTNER, JR., Construction Engineering Division 

Aluminum Company of America 
Pittsburgh, Pennsylvania 


N 1953, Aluminum Company of America 

planned an expansion of its fastener and 
foil production facilities, both of which were 
housed in their Edgewater (New Jersey) 
Works. It was decided to place the entire 
Fastener and Screw Machine Products Di- 
vision in a new plant. The usual considera- 
tions, including the available labor market, 
transportation facilities, utilities, and hous- 
ing, were thoroughly studied and eventually 
a site on the outskirts of Lancaster, Penn- 
sylvania, was selected. Alcoa, conscious of 
the increasing attention being given to in- 
dustrial noise, was anxious to include noise 
control in the design of this plant. 

The new plant is situated on an 83 acre 
plot and so oriented that substantial ex- 
pansion is possible on any of three sides, as 
shown in Fig. 1. Except for minor aux- 
iliary structures, the plant is under one 
roof, 420 ft by 480 ft, covering some 


202,000 sq ft. A two-story office building, 
46 ft by 300 ft is attached to the front or 
north face of the main one-story plant struc- 
ture and a 60 ft by 80 ft boiler house ad- 
joins the southwest rear corner. 

In general, 60-ft roof trusses, supported 
on steel columns at 20-ft centers, with 16 ft 
of clearance to the bottom chords and about 
23 ft to the ceiling, comprise the framing 
in the manufacturing area. Exterior walls 
are 8-inch concrete block faced on the out- 
side with open-ribbed or “fluted” aluminum 
panels. Interior walls of concrete block, 
poured-in-place gypsum roof deck, and con- 
crete floor slabs with brick in the trucking 
aisles, make up the typical construction. 

The heating and ventilating system is an 
unusual one; there are few wall openings, 
no cross-ventilation or natural ventilation 
and no air-conditioning. Oil mist haze, 
which usually accompanies screw machine 


Fig. |. 
Lancaster — Artist's rendering of Aluminum Company of America's Lancaster Plant for manufacturing 
aluminum screw machine products, rivets and nails. 
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Fig. 2. 
Edgewater — Line of small rivet headers. Note 
the congested condition and the large window 
area. 


operations, is practically eliminated by this 
system. The design and performance of 
this heating and ventilating installation are 
discussed in detai! in a paper entitled, 
“Heat, Mist and Noise,” presented by AI- 
coa’s staff engineer, B. R. Small, at the 
Nineteenth annual Industrial Hygiene Foun- 
dation meeting in Pittsburgh, November, 
1954. 

As most of the fastener manufacturing 
equipment in the Edgewater installation 
was to be moved to the new location and 
many similar machines were to be added, it 
was considered wise to make a noise survey 
at Edgewater. Thus, during the time when 
several suitable plant sites were being re- 
viewed and initial layouts and designs were 
in progress, the survey was conducted cov- 
ering equipment operators’ exposures and 
area noise levels, both inside and outside 
the building. Such information was to serve 
as a guide toward engineering noise con- 
trol into the design of the new plant as 
far as possible, within the limits of good 
construction practices and reasonable econ- 
omy. 

A brief description of the situation at 
the Edgewater Works seems advisable 
(Figs. 2 and 3). The rivet and screw ma- 
chine departments were housed on the 
fourth and sixth floors, respectively, of a 
10-story reinforced concrete building, lo- 
cated adjacent to a residential area. The 
floor, ceiling and walls, being of concrete, 
were highly noise reflective surfaces. The 


Fig. 3. 
Edgewater — A line of hand screw machines. 
Note the congested conditions and the noise 
reflective concrete floors, walls, ceiling and 
columns. 


window area in the 17-ft high walls was con- 
siderable, which proved a double problem. 
Since there was little transmission loss 
through the windows (especially in the 
summer when most or all were open) there 
existed the threat of community complaints. 
Also. since glass is acoustically very reflec- 
tive, the large window area helped to main- 
tain the high noise levels within the plant. 

Both departments experienced consider- 
able growth over the years. New machines 
had been added continually until it was im- 
possible, because of space limitations, to 
add any more. These many-varied pieces 
of equipment, when placed in relatively 
small areas, insured an extremely high back- 
ground noise level. The wide variety of ma- 
chines also meant that it was quite unlikely 
that any single noise reduction technique 
applied to each machine would be successful. 

Any reduction at the source is usually a 
big step in the solution of noise control 
problems. Even a cursory investigation of 
the general conditions revealed that more 
information regarding specific types of ma- 
chines would be needed if any reduction “at 
the source” was to be accomplished. Sev- 
eral means of reducing source noise were 
suggested: (1) modification of the mecha- 
nism; (2) enclosure; (3) isolation to pre- 
vent machine vibrations from reaching base 
plates and floor; (4) reduction of air pres- 
sure used in the operation; and (5) good 
maintenance. 
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With these ideas as a start, it became 
necessary to investigate the various ma- 
chines to determine which method might 
produce practical and significant reductions. 
Therefore, octave-band analyses of noises 
produced by several different machine types 
were recorded and studied. 

The first investigation was of the rivet 
headers. Most of the noise from these ma- 
chines radiated from the gear case and 
machine housing, indicating that changes 
in machine design would likely be very re- 
warding relative to noise reduction. From 
Alcoa’s viewpoint, this was impractical, but 
it does present a real challenge to machine 
designers and manufacturers. 

Total enclosure also was impractical be 
cause both internal and external portions 
of the machines must be accessible for effi- 
cient operation and maintenance. In addi- 
tion, oil spray used in the operation would 
penetrate the absorptive lining of the en- 
closure, creating a fire hazard and affect- 
ing the acoustic properties of the lining. 
Others have tried enclosures and discarded 
them for these same reasons. Partial en- 
closures have not proved satisfactory be- 
cause the large openings required for access 
render the enclosures acoustically ineffec- 
tive; also, operators consider them as being 
“just in the way” and usually treat them 
accordingly. 

Modification of machine mountings gave 
as many different results as there were ma- 
chines. Some pieces of equipment were at- 
tached to heavy cast-iron bases; some were 
mounted on wood or cork pads; others were 
anchored to the floor slab to prevent creep- 
ing. The variety of machine mountings was 
the result of many trials and years of ex- 
perience, not to mention whims and fancies. 
In general, modifications of mountings pro- 
duced no appreciable noise reduction and, 
oddly, the best reductions occurred in the 
quieter machines. Therefore, changes in 
mountings were thought to be impractical 
and unimportant in reducing these source 
noises. One thing that was important, how- 
ever, was to make certain the hammering 
noises were not carried through the new 
building by the floor slabs and columns as 
was the case at Edgewater where that 
building fairly “danced,” radiating noise 
from all surfaces. 

Reduction of the compressed air noises 
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did prove feasible. A certain amount of 
compressed air is necessary to blow the 
light aluminum rivet away from the die 
before the hammer returns on its next 
cycle. Most of the men worked under the 
assumption that if a little air pressure does 
a good job a lot will do a better job. As a 
result, often times a wide open valve of 90 
psi of air was used to clear the rivets from 
the die. Some of these air lines were 34-inch 
in diameter. It was found that a 14-inch 
diameter line at a much reduced pressure 
was sufficient and considerably quieter. In 
some cases only 12 to 15 psi was required. 
By proper directioning of the jet so that 
there was a minimum interruption of the 
air stream by moving machine parts, fur- 
ther noise reduction could be obtained. 

During the investigation of the rivet 
headers, it was discovered that many pulley 
and belt guards were loose and vibrating. 
These vibrations added considerably to the 
machine noise level. Secure fastening de- 
vices placed on these guards and all other 
vibrating panels resulted in less rattles and 
additional noise reduction. 

An investigation of the screw machines 
showed that the main noise sources were 
the gear train, machine parts and guide 
tubes against which the stock material 
would rattle. Good maintenance of the ma- 
chine parts usually reduces the over-all 
noise level but modifications in machine de- 
sign are probably more rewarding. Again, 
the machines that were on hand had to be 
used and machine design was not a practical 
approach. Most rewarding was the substitu- 
tion of fiber-lined “silent” tubes for stock 
guides. This resulted in a reduction of 
noise from the stock tubes to a level below 
that from the machine parts. 

With the results of this investigation and 
studies of the Edgewater conditions, Alcoa 
was convinced that efforts should be con- 
centrated on the noise of the rivet and screw 
machine departments at the new location. 
Thus, the problem at the Lancaster plant 
was to provide appropriate noise controls 
to relieve the employees in these two de- 
partments, and also to prevent noise from 
these departments adding to the ambient 
levels of adjacent areas both within and 
without the building. As noise control takes 
many forms, it is important to apply the 
proper type of control and materials to suit 
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the particular problem. The attack at the 
Lancaster plant followed the generally ac- 
cepted fundamental principles as outlined 
below. 
I. Control of noise at its source. 

A. Vibration isolation. 

B. Machine modification. 

C. Orientation. 

D. Enclosure. 

II. Absorption — reduction of reflected 

noise. 

III. Personal protection. 

Some conditions may be satisfied by a 
single type of treatment and some may 
require a combination of several or all 
methods. 


Controlling the Noise at Its Source 

A VIBRATION ISOLATION: From the Edge- 
* water studies, it was found that little 

benefit could be gained by revision of the 

machine mountings. Therefore, existing 

equipment and similar new machines were 
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mounted as tests and experience had dic- 
tated. 

To isolate the machinery vibrations in 
the floor slabs, thus preventing building 
columns, walls and ceilings from becoming 
transmitting media and radiating surfaces, 
as was so pronounced at Edgewater, several 
rather simple things were done (Fig. 4). 
The entire floor slabs of the rivet and screw 
machine departments were poured on a sand 
cushion of six-inch minimum thickness. 
This was done to prevent much of the vibra- 
tion getting to the underlying rock and 
transferring to adjacent floor slabs. Around 
the perimeter of these rooms, about 18 
inches from the walls, a one-inch thick fiber- 
glas perimeter insulation strip was inserted 
in the floor slab. Also, insulation strips were 
placed around all column pedestals and other 
independent concrete foundations that pro- 
jected into the slabs. 

B. MACHINE MODIFICATION: Considerable 
improvement was accomplished by regu- 
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Lancaster — Operators tending a group of 
small single-stroke rivet headers. 


lating the air pressure and carefully sizing 
and directing the ejection nozzles on the 
rivet headers. Good maintenance of the ma- 
chines, which included tightening and stif- 
fening loose, rattling guards, was helpful. 
The installation of Corlett-Turner “silent” 
stock tubes on the automatic screw machines 
was of great significance. 

3. ORIENTATION OF EQUIPMENT: Near the 
machine, an operator will experience a de- 
cided variation in the intensity of the direct 
noise striking his ear, depending upon his 
distance from the noise source. In general, 
the intensity drops off from three to six 
decibels for each doubling of the distance 
from the source varying with the type of 
noise and the characteristics of the room. 
With the understanding that doubling the 
intensity of noise amounts to an increase 
of three decibels in the noise level, and a 
corresponding increase in loudness of about 
20%, the spacing of machines becomes an 
important factor. Therefore, to accomplish 
any appreciable reduction the distance be- 
tween machines was increased at Lancaster. 
Arrangement of equipment was carefully 
planned to meet production requirements 
and to provide aisles so that operators were 
not surrounded and bombarded with direct 
machine noises from all sides as had been 
the case at Edgewater. Such a layout re- 
quired areas of 155 ft by 210 ft (34,000 sq 
ft) for the rivet department, and 90 ft by 
210 ft (19,000 sq ft) for the screw ma- 
chines, which is approximately three times 
the respective areas occupied by these de- 
partments at Edgewater (Figs. 5 and 6). 

D. ENCLOSURE: From Alcoa’s experience, 
as well as that of others, it has been found 
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Fig. 6. 

Lancaster — Operators tending a group of 

Single Spindle automatic screw machines. Note 

the staggered arrangement of machines and 
the acoustically treated walls. 


impractical to use total or partial enclosures 
on rivet headers or screw machines. Such 
devices for isolation interfered with efficient 
operation, maintenance and possessed other 
disadvantages as well. 

From a larger point of view, prevention 
of sound transmission from one room to 
another or to the outside is a common noise 
control problem and a large factor in this 
case. In general, the transmission loss is 
governed by the mass or weight of the di- 
viding wall or partition. Transmission loss 
values usually increase three to six decibels 
for each doubling of the noise frequency 
and also increase four to five decibels as 
the weight of the wall is doubled. In some 
instances, lighter weight double-wall con- 
struction is effectively used, requiring strict 
inspection during construction to maintain 
the designed T.L. value. 

Fortunately, at Lancaster the direction 
of material flow and floor area requirements 
permitted the placement of the noisy rivet 
header and screw machine departments in 
areas which could be isolated rather easily 
(Fig. 7). Eight-inch concrete block walls, 
having an average T.L. value of 49 decibels 
were selected to enclose these departments. 

Although window openings were not es- 
sential to the heating and ventilation re- 
quirements, it was felt that most workers 
prefer being able to “see out.” Thus, a few 
windows, amounting to about 5% or 6% 
of the exterior wall area were installed, re- 
sulting in a T.L. reduction of about 12 
decibels. Since approximately one-half the 
window area can be opened, the T.L. value 
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of the wall would be reduced by another 20 
decibels with all windows fully opened. In 
some locations, such a condition would be 
very unsatisfactory, if houses or other 
buildings were close by these open win- 
dows; but at Lancaster the distance to 
the property lines, neighboring buildings, 
houses and roads are such that plant noise 
is reduced to the point of being masked 
by the ambient area noise levels. In the 
event of future expansion, involving the 
erection of adjacent structures, these win- 
dow openings could be walled up, thus re- 
storing the full T.L. value of the 8-inch 
concrete block wall. Eight-inch interior 
concrete block walls provide sufficient at- 
tenuation to safeguard all adjacent rooms. 
A satisfactory T.L. value of about 40 
decibels is provided by the roof, which 
consists of gravel and waterproofing on a 
2-inch, poured-in-place gypsum slab. 


Absorption of the Noise 

ACTORY noise is intensified when reflected 

noise is added to the direct noise from 
the source. Such a condition was decidedly 
evident at the Edgewater Works where 
noise fairly “bounced” off the hard-surfaced 
floors, walls, ceilings and sash, resulting in 
very high sound levels. Judging from this 
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condition, it was easily under- 
standable that acoustical treat- 
ment would be a significant fea- 
ture at Lancaster. Furthermore, 
as very little success was obtained 
through reduction of the noise at 
its source, it was realized that a 
considerable amount of acoustical 
treatment would be required to 
insure acceptable noise levels in 
both the rivet header and screw 
machine departments. 

Absorptive treatment is most 
effective when selected to suit a 
particular noise spectrum. This is 
because the coefficients of absorp- 
tion vary with the frequency of 
sound, and the physical properties 
and method of application of the 
acoustical material used. There 
are a number of reliable working 
rules, based on research and ex- 
perience, to guide in noise absorp- 
tion treatment. Worthy of note is 
the fact that the doubling of the 
absorption units in a room reduces the noise 
level by about three decibels. Economics 
enters the picture as the point of diminish- 
ing returns is reached in treatment costs. 
It became a simple matter to apply these 
factors to acoustical design of the rivet and 
screw machine departments of the Lan- 
caster plant. The walls and ceilings of both 
rooms provided sufficient area so that with 
a covering of material having good ab- 
sorption coefficients in the middle and high 
frequencies, substantial noise reductions 
could be expected. On the basis of the differ- 
ences in room constants of the old and new 
plants, a reduction of 14 to 15 decibels in 
each room was predicted. Since there would 
be some quieting of machines because of 
modifications in them before placement in 
the new building and because of the greater 
dispersion of the machines, these factors 
would have some effect on the over-all noise 
level. Therefore, it appeared certain that 
the noise reduction actually accomplished 
would be greater than the predicted reduc- 

tion based on absorption treatment only. 
The acoustical treatment consists of 2- 
inch thick fiberglas insulation boards fas- 
tened to the side walls and covered with 
perforated, corrugated aluminum sheets. 
Owens-Corning Fiberglas PF614 was se- 
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lected because of the efficient absorption 
coefficients in the particular frequencies in- 
volved (Noise Reduction Coefficient .85) 
and the ease of handling in construction. 
The very slight absorption advantage in 
the 3-inch thickness did not warrant the 
50% increase in material cost. 

The concrete block walls are 12 inches 
thick for a height of four feet above the 
floor, and eight inches thick from there up 
to the ceiling. The acoustical treatment was 
started at the 4-inch setback four feet above 
the floor, thus keeping the treatment beyond 
the range of possible damage during ma- 
terial handling and other operations. By 
furring the fiberglas about 34 inch from 
the wall, the absorption in the low fre- 
quencies was slightly improved. Wood fur- 
ring strips were fastened to the wall to 
space and support the 2 ft x 4 ft fiberglas 
“bats” and to serve as nailers for the .024- 
inch thick perforated corrugated aluminum 
sheeting. The perforations in the aluminum 
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sheeting are 14-inch diameter holes spaced 
on 5/16-inch centers, giving an open area 
of 138%. As long as the open area in the 
covering is over 10%, the acoustical ab- 
sorption is not appreciably affected. The 
aluminum sheeting was erected so that the 
corrugations run horizontally, presenting 
an attractive, easy to clean wall surface and 
permitting wider spacing of furring strips 
and economy in construction. This treat- 
ment covered about 10,000 sq ft in each 
room. 

In the room housing the automatic screw 
machine department, a covering of Saran 
plastic, in sheets 36 inches wide and .002 
inch thick, was applied between the fiber- 
glas insulation and the aluminum sheeting 
to prevent oil vapors from penetrating the 
acoustical blanket and creating a fire haz- 
ard. The plastic covering was sealed around 
the edges and at the joints with strips of 
3-inch wide Mylar adhesive tape. The cover- 
ing was free to act with drum action on 
the surface of the fiberglas and thus did 
not harm the absorption effectiveness. 

On wall surfaces in the vicinity of roof 
trusses and bracing, where it was difficult 
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to erect the acoustical pan- 


eling, a sprayed-on coating 
of acoustical plaster was 
applied to carry the treat- 
ment to the ceiling. 


TABLE I. 
NOISE REDUCTIONS ACCOMPLISHED AT THE LANCASTER WORKS 
Reductions, in decibels, are based on comparisons of noise levels 

at similar locations in the Lancaster and Edgewater Works 


One-inch thick fiberglas 
acoustical form board was 
used on the ceilings to serve 
two purposes. It served as 
a form for the poured-in- 
place gypsum roof slab and 
gave a high noise absorp- 


Location 
Rivet Department 


tion value to the ceiling 
areas, the noise reduction 
coefficient being .75. Since 
a poured-in-place gypsum 
roof was to be put on the 
entire plant, it was desira- 
ble to use the same form 
board throughout, thereby 


Outside the Plant* 


Frequency — Cycles per Second 


600 1200 2406 Above 
1200 2400 4800 4800 


Over- Below 75 150 300 
all 75 150 300 600 


Operator’s Exposure 19 19 1 13 13 17 18 21 28 
Among Machines, #1 17 12 15 15 17 19 17 19 14 
Among Machines, #2 20 18 14 15 19 20 28 30 
Among Machines, #3 13 a _ — — 

Screw Machine Dept. 


Operator’s Exposure 20 14 g 21 22 
Among Machines, #1 20 - 
Among Machines, #2 20 


60’ Distance — East** 3 0 5 7 3 5 —3 
200’ Distance — East** 2 —3 6 1 6 3 —i —-4 
60’ Distance — South 9 7 11 13 11 11 7 2 
* Outside measurements at Lancaster compared to quietest outside measure- 
ments of Edgewater. 
** Opposite Air Intakes. 


obtaining very effective 
noise reductions in all plant areas. In the oil 
mist area, Saran covering on the form board 
was not too practical, as it would prevent 
the gypsum roof slab drying from the under- 
side and it presented application difficulties. 
A thin neoprene coating was sprayed on the 
exposed surface of the form board ceiling 
in the screw machine department. 

It may be of interest to note that the 
acoustical treatment on the walls cost about 
$1.07 per sq ft, which included the Saran 
plastic covering at 3¢ per sq ft and the 
neoprene spray at 244¢ per sq ft. To insure 
the best results for the investment in this 
acoustical treatment, elaborate details were 
shown on construction drawings and the 
specifications spelled out the exact materials 
and methods of application (Fig. 8). 


Personal Protection 


BECAUSE of the noise reductions accom- 
plished, no personal protection was re- 
quired. 


Evaluation of Noise Control Methods 


FTER the new plant had been in operation 
for several months a noise control evalu- 
ation survey was conducted. Table I shows 
a brief résumé of the results of this survey. 


Screw Machine Department 


N GENERAL, steps taken to reduce noise 
levels within the Screw Machine Depart- 


ment of the Lancaster Plant, below those 
of comparable areas at Edgewater, have 
proved most successful. Levels at Lancaster 
are at comfortable levels compared to the 
din formerly present at Edgewater. 

Four factors contribute to the noise re- 
duction: 

(1) Installation of acoustical material on 
walls and ceilings. This treatment has tre- 
mendously reduced the amount of reflected 
noise in the Screw Machine Department. 
At Edgewater, the noises reflected from 
room surfaces added to noises coming di- 
rectly from the machines, resulting in high 
sound levels. At Lancaster, on the other 
hand, we do not have a room “filled with 
noise.” 

(2) Installation of lined stock feeding 
tubes on the automatic screw machines. The 
“Silent Tubes” have silenced many large 
noise-radiating surfaces that contributed 
considerably to the noise levels in the Edge- 
water Plant (especially high frequency 
noises). 

(3) Sand cushion under floor slabs and 
installation of perimeter isolation strips. A 
check with a vibration pick-up showed prac- 
tically no transfer of floor slab vibrations 
across the joints into adjacent slabs, col- 
umns and walls. 

(4) Better spacing of the machines 
was a large factor in the reductions in 
noise exposure experienced by individual 
operators. 


225 


226 


Rivet Department 


HE FAVORABLE comments concerning the 

Screw Machine Department also apply 
to the Rivet Department. The substantial 
noise reduction can be attributed to: 

(1) Installation of acoustical material on 
walls and ceiling as explained for the Screw 
Machine Department. 

(2) Attention to the air ejectors used to 
clear the rivets from the header dies. 

(3) Sand cushion under the floor slabs 
and installation of perimeter isolation 
strips. 

(4) Greater spacing between machines. 


Other Manufacturing Areas 


TX ALL other plant areas, such as the mis- 

cellaneous fastener and finishing depart- 
ments, maintenance and tool room, receiving 
and shipping areas and storeroom, the noise 
levels are at comfortable levels. This is due 
to the reduction and confinement of rivet 
header and screw machine noises in their 
respective areas and the use of acoustical 
form board in the ceiling treatment. 
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Outside Noise Levels 


NOSE levels outside the plant were re- 

corded for a comparison with those 
found at Edgewater. These measurements 
were taken on a perimeter line at a distance 
of approximately 60 feet from the plant 
buildings. The highest readings were found 
near the air intakes. However, this is low 
frequency noise to which the ear is rela- 
tively insensitive. Also, the distance the 
noise travels before reaching the plant prop- 
erty line results in a considerable noise 
reduction. It is interesting to note that a 
noise spectrum could not be obtained at the 
front entrance since, at that point, the plant 
noises were at such a level as to be masked 
by wind and traffic noises. 

Not only did the instrument readings in- 
dicate that a remarkable improvement had 
been accomplished, but the favorable com- 
ments of many of the personnel also testify 
to this fact. Persons who had worked at the 
Edgewater Plant for at least 10 years and 
now work at similar jobs at the Lancaster 
Plant are enthusiastic over the results. 


Scientific Exhibits 


HE AMERICAN INDUSTRIAL HYGIENE ASSOCIATION Scientific Exhibits Committee 
wishes to solicit AIHA members for scientific exhibits to be shown at the 


Industrial Health Conference in Atlantic City in April, 1958. Anyone interested 
should write for further information or for space application: A. C. PABST, Socony 


Mobil Oil Company, Inc., 150 East 42nd Street, Room 1401, New York 17, 
New York. 


World Congress on Accident Prevention 


RUSSELS, Belgium will be the scene of the Second World Congress on the 

Prevention of Occupational Accidents. The meeting is scheduled for May 
19-24, 1958. The Association Nationale pour la Prevention des Accidents du 
Travail and the Association des Industriels de Belgique are the cosponsors. 
Advance registration is required. Applications and inquiries should be sent 
to the Secretariat General du Deuxieme Congres Modiale de Prevention des 
Accidents du Travail, 29, Avenue Andre Drouart, Brussels, Belgium. 
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The Relationship of Hearing Loss 
to Steady State Noise Exposure 


A REPORT OF AN INDUSTRIAL SURVEY 


N. E. ROSENWINKEL, M.D., and K. C. STEWART 


University of Pittsburgh 


URING the past decade the industrial 
hygienist has come to recognize noise 
as a serious occupational hazard. During 
this period of recognition, a primary ob- 
jective has been to correlate noise exposure 
and hearing loss, so that tolerance limits 
for noise exposure would emerge. Attempts 
to establish such relationships are compli- 
cated by many factors, some of which are: 
(1) Noise is largely unsteady and difficult 
to measure employing present techniques. 
(2) Employees’ daily exposure is often 
variable. (3) Military and non-occupational 
exposure is almost impossible to evaluate. 
(4) Study and control populations which 
must meet restrictive criteria imposed by 
an experimental design are not easily found. 
The need is to conduct studies according 
to a pre-conceived experimental design 
which minimizes additional invalidating 
factors such as: (1) inadequate test en- 
vironment, (2) doubtful instrument calibra- 
tion, (3) testing conducted at times of 
considerable temporary threshold shifts, 
(4) inavailability of threshold audiogram, 
(5) employment of non-standard audiomet- 
ric procedure and (6) inadequately trained 
technicians. 

Recognizing some of the problems en- 
countered, the scope of the present study 
was deliberately limited to hold these vari- 
ables to a minimum. Accordingly, the three 
elements, plant area, noise and population 
were selected such that a first estimate of 
long-time exposure to steady state noise 
could be studied in relation to pure tone 
hearing loss. Therefore, within the frame- 
work of its experimental design, this study 
correlates pure tone hearing loss and long 
term exposure to one level of steady state 
noise. 


We specifically ask the question, “Does 
a continuous occupational exposure to a 
steady state noise of essentially 80 decibels 
in each octave band cause a measurable 
change in pure tone hearing sensitivity dur- 
ing man’s normal working life span?” 

The survey required a retrospective study 
if the question asked was to be answered 
in a reasonable length of time. Clearly, such 
studies are frequently subject to criticism 
because unknown exposures may have taken 
place in the past and the noise now meas- 
ured may not be an accurate description of 
past noise. Therefore, the study required 
that these objections be essentially elimi- 
nated. Moreover, it was demanded that the 
noise field be so uniform that all persons 
available for sample selection would be 
equally exposed. It was further demanded 
that all persons must always have been em- 
ployed in the above noise field. Fortunately, 
a plant was found which met these rigorous 
demands and which contained a sufficient 
number of employees to form an adequate 
study. 

The question also required an age range 
from the youngest to the oldest employees 
with exposure ranging to over 30 years. 
The test population should be classified so 
that there would be a systematic gradation 
of age and exposure years. To avoid bias, 
the total exposed population should be sep- 
arated into their respective age-exposure 
categories and then test samples selected 
at random from them. 

To serve as a basis of comparison, control 
groups of similar characteristics should be 
selected from a population not exposed to 
industrial noise. 

The audiometric facility should provide 
threshold testing at all frequencies of in- 
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terest and should be carried out according 
to methods as recommended by groups such 
as the American Speech and Hearing As- 
sociation. Testing should be conducted to 
minimize temporary threshold shift. 

It was indeed fortunate to be able to 
conduct this experiment in industry and 
still maintain most of the rigor demanded 
by the experimental design. This was pos- 
sible because a very large heavy-manufac- 
turing company was willing to cooperate in 
making available test and control popula- 
tions, constructing rooms to specifications, 
and providing the assistance of medical de- 
partment personnel. 

The plant area which was selected is an 
enormous machine shop, approximately 1500 
feet long, 500 feet wide, and varies in height 
from 40 to 60 feet. This shop was selected 
because it met the need for homogeneous 
exposure with a uniform noise maintained 
both in frequency distribution and intensity 
by the fact that there are 
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Test Population 


‘THE TEST groups were randomly selected 

from the total exposed population of 
white, male employees who had always 
worked in the noise as defined. Men were 
selected according to increasing age and 
exposure in such a manner that all sub- 
jects in a given exposure group fell within 
a specified age range. The exact classifica- 
tion of test subjects and the number se- 
lected in each group is shown in Table I 
below. The total number of subjects in 
the test groups was 270, with 290 in the 
controls. 

Control groups were selected from non- 
exposed office personnel so as to match mean 
ages of exposed groups. There were no em- 
ployees available who had never been ex- 
posed, therefore, the controls were allowed 
to have an exposure not to exceed two years. 
However, the noise exposure for this two 
year period must have been at the begin- 
ning of their life history as a worker and 
the level of this noise must have been no 
greater than the noise to which the test 
group was exposed. Furthermore, in order 
to take care of veteran exposure we allowed 
veterans to appear in both the test and 
control groups, the purpose being to neu- 
tralize differences in hearing loss that could 
be due to factors other than the noise ex- 
posure. The veterans appeared in both test 
and control groups as determined by the 
randomized selection. It happened that the 
veterans were essentially equally distrib- 
uted. 

Audiometric testing was conducted in 
rooms which were specifically designed and 
constructed to attenuate masking noise so 
that hearing threshold could be obtained at 
all the test frequencies, namely, 250, 500, 


816 machines located in this 


plant area. The octave anal- 
ysis of this noise is shown 
in Fig. 1. (It is noted that 


TABLE I. 


COMPOSITION BY AGE AND EXPOSURE OF TEST AND 


CONTROL GROUPS 


noise intensity and fre- 


Test Groups Control Groups 


quency distribution is not 


Exposure Mean 
altered bv interruption of Age Range Mean Age Range Exposure Age Range Mean Age 
t - a Group in years in years in years in years in years in years 

production usage. The ma- " 25-34 29.6 5-9 1.4 27-31 29.5 
chines themselves are III 30-39 35.1 10-14 10.8 32-36 33.8 
multiple screw. multiple IV 35-44 39.9 15-19 16.0 37-41 39.2 

Vv 40-49 45.4 20-24 21.1 42-46 44.0 
bore, lathes, and milling yy 45-54 51.1 25-29 27.0 47-51 49.1 
machines. ) VII 50 59.1 30 34.0 52 56.6 
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Mean bilateral audiograms for test and control groups. 


1,000, 2,000, 3,000, 4,000, and 6,000 cycles 


per second. The audiometer employed was 
the Audivox Model 7 BP and was routinely 
checked for calibration using a jury of nor- 
mal hearing subjects. The technician was 
adequately trained in audiometric tech- 
niques and utilized the method of limits 
with short duration presentations. Test sub- 
jects were required to appear at the Medical 
Department for audiometry prior to enter- 
ing the plant at the start of their work day. 
Testing was conducted on all weekdays, ex- 
cluding Monday. Prior to the test, the 
workers were examined otoscopically and a 
brief history taken. The subjects were also 
queried as to current use of drugs, alcohol, 
and other factors which could influence 
hearing sensitivity. The controls were ex- 
amined in the same manner except that 
testing could be conducted throughout the 
day. Noise levels to which the test and 
control populations were exposed were 
measured employing the MSA Soundscope, 
Model I. 


Presentation of Data 

For COMPARATIVE purposes, the mean bi- 
lateral hearing sensitivity was calculated 

for each test and control group. These data 


were plotted on standard audiometric forms, 
and each audiogram represents the mean of 
a test group and its corresponding control. 
Mean audiograms for all groups, I through 
VII, are shown in Fig. 2. It is seen that 
there is a systematic trend which tends to 
indicate that there is a real difference in 
the hearing of the two populations. How- 
ever, note that hearing change out to 2,000 
cycles, that is the compensation range, is 
very slight even for exposures exceeding 
25 years. Looking at the range beyond 2,000 
cycles per second, we observe that the great- 
est change in hearing sensitivity has oc- 
curred at 4,000 cycles. This is expected from 
past knowledge. As exposure time increases 
the comparative audiograms indicate that 
the difference between test and control 
groups widens and is greatest for the long- 
est exposed. 

Attention is now directed toward the nat- 
ural history of noise induced hearing loss. 
For this purpose the hearing region beyond 
2,000 cycles per second is examined. Looking 
at Group I, mean exposure 3.2 years, there 
is little difference between the test and 
control groups at 3, 4, and 6,000 cycles per 
second. Statistical analysis actually shows 
no significance at the .05 confidence level. 
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Looking at Group IV, mean exposure 16 
years, the spread between test and control 
groups has increased and hearing sensi- 
tivity has decreased in the region around 
4,000 cycles. 

This trend is observed to be consistent 
and at least monotonically increasing for 
all the groups. Within the framework of 
this study, this implies that the question 
asked is answered in the affirmative. That 
is, there is a change in pure tone hearing 
sensitivity due to long time exposure to a 
steady noise of 80 DB per octave band. The 
change itself occurs largely in the fre- 
quency range beyond 2,000 cycles per sec- 
ond, and 4,000 cycles appears to be the most 
sensitive indicator. 
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Summary 


‘THE PRESENT experiment asked the ques- 

tion, “Does a continuous occupational 
exposure to a steady state noise of 80 DB 
per octave band cause a measurable change 
in pure tone hearing sensitivity during 
man’s normal working life span?”-To an- 
swer the question, an experimental design 
was formulated to minimize invalidating 
factors and the experiment was conducted 
according to known standard procedures. 
Hearing sensitivity to pure tones was 
found to be depressed largely in the region 
beyond 2,000 cycles per second, and in no 
group was the loss sufficient to fall within 
the compensation range. However, the ques- 
tion as asked is answered in the affirmative. 
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Hevavalent Chromium and Cotal Chromium 


The Determination of Hexavalent Chromium in Portland Cement 
Washings and Total Chromium in Washings, Residues and Unwashed Samples 


ROBERT G. KEENAN, M.S., Assistant Chief, Analytic Services 
VERNON B. PERONE, Supervisory Medical Technician 
Occupational Health Program, U. S. Public Health Service 
Cincinnati, Ohio 


UR INTEREST in the chromium content of 
cement and its significance in cement 
dermatitis was stimulated by the findings of 
several European investigators. As cited in 
our previous publication,! a search of the 
literature had revealed no attempt to ana- 
lyze American cements for chromium. Hels 
and Scribner? in a report on the spectro- 
graphic determination of minor elements in 
Portland cement, list the 3578.69A spectral 
line of chromium as useful for the quali- 
tative detection of this element in cement 
but state that chromium was one of several 
elements which was not found in appreci- 
able amounts in any of the cements which 
they studied. On the basis of this informa- 
tion, our first analytical effort was directed 
toward the development of a quantitative 
spectrographic procedure for the determina- 
tion of chromium of all valence types in un- 
treated cement samples and in the distilled 
water washings of these materials. It soon 
became apparent that there was sufficient 
chromium present in both the original sam- 
ples and the washings for the application 
of a chemical procedure which would pro- 
vide a means of distinguishing between 
hexavalent and the other forms of chro- 
mium present in the washings. It is impor- 
tant to make this distinction because of the 
known cutaneous allergenic effects of hexa- 
valent chromium. Therefore, the procedures 
reported below include a modification of 
the s-diphenylcarbazide method for chro- 
mium.* This method was used for the di- 
rect determination of hexavalent chromium 
in the washings of the cement samples and 
also for the determination of total chromium 
in the washings, residues, and untreated ce- 
ment samples, after oxidation of all other 


forms of chromium to the hexavalent state. 

The primary objectives of this study 
were: (1) to determine if there are any 
marked variations in the hexavalent chro- 
mium content of Portland cement which 
might be related to the geographical origin 
of cement; (2) to determine whether there 
are striking differences in the concentra- 
tion of hexavalent chromium in Portland 
cements of different types; and (3) to de- 
termine if the water soluble chromium pres- 
ent in cement is only in the hexavalent state. 


Apparatus 

HE FOLLOWING is a list of the apparatus 

used in this investigation: 

1. Mechanical shaker, 115 volts, A. C., 
60 cycle, provided with collars to support 
250 ml reagent bottles. 

2. Spectrophotometer, 8 volts, D. C. 

3. Crucibles, platinum, 25 ml capacity. 

4. Crucibles, Selas, 20 ml capacity. 

5. Bottles, reagent, narrow mouth, glass 
stoppered, borosilicate, 250 ml capacity. 

6. Flasks, volumetric, borosilicate, 250 
ml capacity. 

7. Flasks, suction, borosilicate, 500 ml 
capacity. 

8. Funnels, Buchner, 9 cm diameter. 

9. Balance, Harvard trip, 200 gram ca- 
pacity. 

10. Balance, analytical, keyboard. 

11. Dishes, evaporating, porcelain, 9 cm 
diameter. 

12. Papers, pHydrion, ranges 0.0-1.5 and 
1.0-2.5. 


Reagents 


Is ADDITION to the reagents used for the 
spectrophotometric determination of chro- 
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mium and described elsewhere,‘ the follow- 
ing reagents were employed: 

1. Double-distilled water, prepared in 
an all-glass borosilicate still, was used 
throughout this investigation for the pre- 
paration of the reagent solutions and in all 
cement washing operations. 

2. Sodium carbonate, anhydrous, A.C.S. 
Grade. 

3. Potassium nitrate, A.C.S. Grade. 

4. Potassium bisulfate, Tested Purity Re- 
agent. 


Cement Washing Procedure 

50 GRAM portion of a Portland cement 

sample was weighed on the trip balance, 
transferred to a chemically clean, 250 ml 
reagent bottle, and shaken with 100 ml of 
double-distilled water in a mechanical shak- 
er for 30 minutes. The suspension was 
filtered immediately, with suction, through 
four layers of Whatman No. 42 paper (9 
cm) supported in a Buchner funnel. The 
residue on the filter was washed with three, 
5-10 ml portions of double-distilled water, 
the washings combined with the main fil- 
trate, and after a few minutes of additional 
suction, the residue was transferred back to 
the reagent bottle for a second 30 minute 
washing treatment. This second suspension 
was filtered as described above, and the 
filtrates from the two washings were di- 
luted, separately, to 250 ml in volumetric 
flasks and labeled “F1” and “F2,” respec- 
tively. After thorough mixing, each of these 
filtrates was analyzed separately for both 
hexavalent and total chromium. 

The residue, remaining after the second 
washing and filtration, was transferred in 
part to a chemically clean Petri dish and 
dried at 105°C in an oven, with occasional 
crushing of the material, until a thoroughly 
dried powder was obtained. This powdered 
residue was analyzed subsequently for total 
chromium as described below. 


Decomposition of Cement 

RTLAND cement is believed to consist 

principally of a mixture of tricalcium 
silicate, dicalcium silicate, tricalcium alu- 
minate, and tetracalcium aluminoferrite.* 
These compounds must be decomposed prior 
to analysis of the chromium present in the 
original cement samples or in the insoluble 
residues. Accordingly, a fusion technique 
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was employed to decompose these complex 
compounds. The method was a modification 
of that reported earlier for the decomposi- 
tion of silicate rocks.® 

A 1.000 gram sample of the original ce- 
ment sample, or of the dried insoluble resi- 
due obtained from the washing procedure, 
was weighed out on the analytical balance, 
then the sample was ground thoroughly in 
a mortar with a powdered mixture consist- 
ing of four grams of anhydrous sodium 
carbonate, two grams of anhydrous potas- 
sium carbonate, and 0.5 gram of potassium 
nitrate. The resulting mixture was trans- 
ferred to a covered platinum crucible, 
heated to fusion, and maintained at the full 
heat of a Meker burner for one hour. The 
crucible was cooled to room temperature, 
transferred with its cover to a 100 ml Grif- 
fin beaker (borosilicate) and, after the addi- 
tion of 40-50 ml of double distilled water 
and five drops of redistilled ethyl alcohol 
(the latter was added to reduce any man- 
ganate present), heated on the steam bath 
until the cake had disintegrated completely. 
The crucible and cover were then removed 
with rinsing, and heating was continued an 
additional eight hours until only a light 
colored residue remained. The liquid was 
filtered through Whatman No. 42 paper 
which had been washed previously with hot 
20% sodium carbonate solution to remove 
traces of coloring matter. The insoluble 
material in the beaker and on the paper 
was washed with four or five 5-ml portions 
of hot, 1% sodium carbonate solution. The 
filtrate was diluted to a volume of 250 ml 
in a volumetric flask, mixed thoroughly, 
and reserved for the determination of total 
chromium. 


Determination of Hexavalent Chromium 

HE DIRECT determination of hexavalent 

chromium was necessarily confined to the 
filtrates from the washing procedure be- 
cause, in the case of the residues and the 
original cement samples, all chromium pres- 
ent was oxidized to the hexavalent state 
by the carbonate fusion. The direct deter- 
mination was conducted as follows: A 
10/250 aliquot portion of the filtrate was re- 
moved with a volumetric pipette and trans- 
ferred to a 25 ml volumetric flask. Suffi- 
cient 4N sulfuric acid was added to bring 
the pH to 1.0, as shown by tests with 
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pHydrion test paper. Next, 1.0 ml of di- 
phenylearbazide reagent was added and, aft- 
er mixing, the solution was allowed to stand 
one minute for the color to develop. Then 
2.5 ml of 4M sodium dihydrogen phosphate 
was added to raise the pH to 2.0 after which 
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When it was believed that the objectives 
of the study had been reached, the analytical 
work was discontinued. The analytical re- 
sults of this investigation are presented in 
Tables I and II. 

Table I contains the analytical data ob- 


the solution was diluted to 25 ml with dou- 
ble distilled water and the optical density 
read with the spectrophotometer set at 540 
my. All readings were corrected by the 
optical density value obtained for a reagent 
blank prepared with each lot of samples. The 
concentration of chromium in the aliquot 
portion of the filtrate was 
obtained from an analytical 
curve prepared from a se- 
ries of trivalent chromium 
standards, carried through 
the same procedure for the 
determination of total chro- 
mium as indicated in the 
next section. 


tained from samples of Type I Portland 
cement. This type is used for general con- 
crete construction when the special proper- 
ties of the other types are not required.? 
Hence, it was decided that application of 
the procedures to a widespread geographical 
distribution of samples of Type I cement 


TABLE I. 
CHROMIUM IN WASHINGS, RESIDUES, AND UNTREATED SAMPLES 
OF TYPE I PORTLAND CEMENT 
(Expressed as Micrograms of Chromium per Gram of Cement) 


Total 
Crin 
Untreated 
Cement 


26.0 28.0 
43.0 52.0 
30.9 35.2 
30.0 31.8 
36.0 38.9 
26.9 29.3 


in Two 
Washings* 


Total Cr 
in Two 
Washings* 


Total 
Crin 
Residue 


Percent 
Total Cr 
Recovered 


104.6 
91.0 
92.3 

101.6 

107.0 

105.1 

100.3 
94.6 

103.2 
90.6 

105.8 
98.0 
97.3 
99.3 
90.6- 

107.0 


Source 


Total Chromium 
Aliquot portions of 
10/250 of the filtrates 
from the washing proce- ‘ : ; 57.5 60.0 
dure or of the solutions B ich. y ’ 42.5 50.0 
obtained from the fusion poe po 
leachings of the original ce- 25.0 27.5 
ments or the dried residues 32.5 35.0 
from the washing proce- 
dure were analyzed for to- ea ond 
tal chromium by Saltzman’s 
procedure.* 


60.0 60.0 
* 70-100% of soluble chromium was removed by first washing. 


TABLE II. 
CHROMIUM IN WASHINGS, RESIDUES, AND UNTREATED SAMPLES 
OF PORTLAND CEMENT — TyPEs II, III, V AND SPECIAL TYPES 
(Expressed as Micrograms of Chromium per Gram of Cement) 


Results 


HE ANALYTICAL proce- 
“~ dures were applied to the 
numerous types of Portland 
cement submitted by mem- 
ber companies of the Port- 
land Cement Association. 
Of the types of cement for a 

which the American Soci- 4;, 
ety for Testing Materials 468 II Modified 
has specifications, Types I, 31° ich, HI 

48A 
II, III, and V were exam- 
ined, as were other types 46E . 
designated by the manu- *!P Maneury 
facturer’s label as masonry 4gp Masonry . 60.0 
cement, air-entraining ce-  31B Air- 8.: 32. 37.5 

ment, waterproof cement, 
or mortar cement. Not all 4s5p Calif. 


Waterproof 0.3 
samples were analyzed. 46C Wyo. Waterproof 8.8 


Total Cr 
Cr** Total Cr Total in Un- Percent 
in Two in Two Crin treated Total Cr 
Washings Washings Residue Cement Recovered 


Sample Source 


0.6 50.0 112.4 
3.0 5 102.8 
0.6 25. $2. 78.8 
2.7 122.0 
8.7 25. 22. 150.0 


noc} 


77.2 


tw 


107.7 

90.5 
100.3 
108.5 


Mich. 1.3 3.3 | 
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would serve best to establish any correla- 
tion between the chromium content and the 
geographical areas of manufacture. On the 
basis of the data provided in Table I, the 
following conclusions have been reached: 

1. With the exception of the two samples 
from Pennsylvania, the variation of the 
soluble hexavalent chromium content is not 
striking. 

2. The Pennsylvania samples yielded sol- 
uble hexavalent chromium values signifi- 
cantly lower than those provided by the oth- 
er samples examined. The significance of 
this finding is strengthened by the fact that 
these samples were submitted by two differ- 
ent companies located in the same county. 

3. The concentration ranges of total solu- 
ble chromium, total insoluble chromium, and 
total chromium in the untreated cements 
appear to be well defined in that they con- 
tain no extreme values. 

Table II contains the analytical data de- 
rived from samples of the other types of 
cement. Although there are insufficient data 
to justify any elaboration on the results 
obtained with each of these types, the con- 
centration ranges of the four sets of de- 
terminations are similar generally to those 
reported for Type I Portland cement. In- 
consistent results were first obtained on re- 
peated analysis of residues and untreated 
samples of these special types. This diffi- 
culty was minimized, after lengthy experi- 
mentation, by incorporating 0.5 gram of 
potassium nitrate into the fusion mixture 
(as specified in the final procedure for the 
decomposition of cement). The generally 
poorer recoveries shown in the last column 
of the table and the inconsistent value for 
hexavalent chromium in the modified Type 
II sample from Wyoming tend to confirm 
our finding that certain interferences are 
present in at least some of these special 
types of cement. 

Consideration of the data presented in 
both Tables I and II show that not all of 
the chromium which is water soluble is 
in the hexavalent state. On the basis of 
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the recognized allergic hypersensitivity of 
the skin to hexavalent chromium compounds, 
it seems essential to the authors that the 
valence state of chromium be established 
in determinations of soluble chromium in 
commercial products. The data in the pres- 
ent report indicate that the hexavalent chro- 
mium portion of the soluble chromium con- 
tained in Portland cement can vary within 
wide limits, i.e., from 2% to 100% in the 
samples selected for examination. 


Summary 


PROCEDURES have been described for the 

separation and analysis of the soluble 
hexavalent chromium and soluble total chro- 
mium in Portland cement, for the fusion of 
unwashed cement samples and the insoluble 
residues resulting from the washing proce- 
dure, and for the determination of total 
chromium in these materials. The ana- 
lytical results of the present study show 
that the concentration of total chromium 
in Portland cement extends up to 60 wg per 
gram, of which varied amounts up to 9.9 ug 
per gram are soluble. The proportion of 
hexavalent chromium in the soluble chro- 
mium varied widely in the samples ana- 
lyzed, the variation extending from 2% to 
100%. The highest concentration of solu- 
ble hexavalent chromium determined in this 
investigation was 7.8 for Type I, 8.7 for 
Type III, and 8.8 wg per gram for water- 
proof cement. 
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Hazard Coutrol 


IN PROCESSING STAINLESS STEEL AND COPPER 
CONTAMINATED WITH URANIUM 


D. M. DAVIS, J. C. HART, and A. D. WARDEN 
Health Physics Division, Oak Ridge National Laboratory 


Oak Ridge, Tennessee 


NE of the problems created by the atom- 

ic era is the disposal of radioactively 
contaminated scrap metals. The common 
practice has been to accumulate contami- 
nated scrap in designated disposal areas. In 
some cases, relatively large amounts have 
been stored, and it is becoming increasingly 
apparent that steps need to be taken for 
the reclaiming of this material. This should 
be done in such a manner as to (a) assure 
safe working conditions for personnel, (b) 
eliminate extensive contamination to mill 
equipment and facilities, and (c) reduce the 
contamination in the processed metal to 
acceptable levels. 

Experiments by Klevin and Harris! per- 
formed on a laboratory scale using a few 
pounds of uranium contaminated stainless 
steel and copper have been reported. These 
experiments indicated that the uranium has 
a tendency to separate from these metals 
during smelting, resulting in a melt which 
has no appreciable uranium content. In 
addition, the data were interpreted as indi- 
cating that the amounts of uranium be- 
coming airborne during the smelting opera- 
tion are not hazardous, with the conclusion 
that the remelting of large quantities of 
the contaminated metals could be safely 
accomplished. 

A series of tests were performed on a 
full-scale pilot plant basis. It was the in- 
tent in these experiments to determine 
under the conditions found in an operating 
mill (a) how much contamination, if any, 
would be carried over into the melt, and 
(b) what problems relating to personnel 
hazards and the probable contamination of 
mill equipment, etc., were involved in the 
processing of the contaminated scrap. 

The pilot plant experiments clearly es- 


tablish that certain precautions must be 
taken if the remelting of contaminated 
stainless steel or copper is to be accom- 
plished without hazard to personnel. In the 
discussion which follows, the hazardous por- 
tions of the operation are outlined and some 
suggested precautions are listed. These pre- 
cautions are relatively simple in application, 
and, if carefully followed, will permit safe 
and practical smelting of uranium con- 
taminated copper and stainless steel metals. 


Materials Tested 


N ALL tests stainless steel and copper scrap 

were studied. The stainless steel scrap 
was contaminated with uranium having 
an alpha activity ranging up to 150,000 
d/m/100 cm? of surface. The copper scrap 
consisted of castings and other copper com- 
ponents with the radioactive contamination 
approximately the same as that of the 
stainless steel. 

The first test involved one melt of seven 
tons of stainless steel which was cut to size 
for furnace loading at the salvage yard in 
order to minimize the possible spread of 
contamination over the mill premises. A 
second series of tests involving ten melts 
and approximately 70 tons of stainless steel 
was performed with the sizing operation 
being carried out at the mill premises. The 
large scrap units were cut into approxi- 
mately one foot square pieces to insure uni- 
formity in furnace charging. The copper 
scrap, consisting of similarly sized pieces, 
included 40 melts or about 100 tons of scrap. 


Smelting Facilities 
HE STAINLESS steel scrap was smelted in 
a seven ton capacity, top loading, electric 
type furnace (Fig. 1). Off-gas control facili- 


STACK ; 125 ft 
ABOVE GROUND LEVEL—-(@ 


BURNER OIL- FIRED REVERBERATORY 


ENTRANCE TO FURNACE- CTYPE FURNACE 
4 “4 \ 
TAP SLOT AT REAR 


FURNACE OF FURNACE 


4 


‘prums oF scrap Furnace 
SKIMMING DOOR 


Schematic furnace Jayout. 


ties were not available for this operation 
and dispersal of the gases depended upon 
the ventilation normally present in the high 
ceiling, open sided structure which housed 
the furnace. 

The contaminated copper scrap was 
smelted in an oil-fired reverberatory fur- 
nace (Fig. 2). A controlled off-gas system 
complete with a 125 foot stack was used in 
this operation. 


Analytical Methods 


A® SAMPLES were obtained using a Gast 
type motor-blower unit which forces the 
air through a 114%” diameter Whatman #41 
filter disc at a flow rate of 20,000 to 30,000 
cc/minute. 
Transferrable contamination was de- 
tected by the “smear” technique which is 
accomplished by rubbing a 1” paper disc 
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over an area of approximately 100 sq cm. 
Both types of samples were counted on a 
scintillation alpha counter with a geometry 
of approximately 35%. 

The analysis of dust and soil samples was 
accomplished by leaching with dilute nitric 
acid followed by the tri-butyl phosphate 
extraction method. Particulate fallout col- 
lected by the gummed paper technique was 
processed in the same manner after ashing. 
The concentration of radioactivity in the 
slag, furnace lining, and the melt was deter- 
mined by activation analysis.” 

Urine specimens obtained from the per- 
sonnel were analyzed by the tri-butyl phos- 
phate extraction method. 


Experimental Data 


HE TYPES of samples taken and a sum- 

mary of the results are as follows: 

1. Air Sampling: A number of the filter 
type sample collectors were run continuous- 
ly during all steps of the operation. The 
highest air activity occurred during cutting 
operations on the stainless steel and reached 
a maximum of 8.4 x 10°? p»e/cc.* The air 
immediately over the jaws of the cutting 
shears used in sizing the stainless steel 
was sampled (Fig. 3). In addition, the area 
above, and adjacent to, the furnace was 
covered by several separate sample col- 
lectors. The results of this sampling as 
shown in Figs. 4, 5, 6, and 7 indicate con- 
siderable fluctuation in radioactive contami- 
nation. 


*The MPC for continuous breathing of uranium con- 
taminated air is given in Handbook 52 as 1.7 x 10-" ye/ee. 
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On some occasions the larger pieces of 
stainless steel were sized by cutting with 
acetylene torches (Fig. 8). Respirators 
were issued to the operators on these oc- 
casions. The accumulated contamination on 
the filters indicated average airborne ac- 
tivity of approximately 1 x 10° ye/ee for 
some periods. 

Samples taken above the electric furnace 
during stainless steel melts reached a maxi- 
mum concentration of 1.5 x 107° pe/ce. In 
this type furnace there is no forced draft to 
accelerate dilution such as occurred in the 
oil-fired furnace used for smelting the cop- 
per. Air samples taken continuously in the 
stack during copper smelting reached an 
average concentration on the order of 
6 x 10''! ,»e/ee prior to its release to the 
atmosphere. 

Air samples taken at various distances 
ranging from several hundred feet to ap- 
proximately two miles from the smelting 
operation, indicated that there was no ac- 
tivity above background levels in this area. 

2. Transferrable Contamination: Smear 
samples were taken on equipment at the 
mill premises prior to, during, and follow- 
ing the tests. The largest build-up of ac- 
tivity occurred on the cutting shears used 
in the sizing of stainless steel pieces and 
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Air samples collected above shears. 


| MPC HB52 


1710 MPC 
HB S2 


10-17 10-18 —— 10 -19— 
PERIODS SAMPLES COLLECTED 
Fig. 5. 
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reached a maximum of 842 d/m/100 cm? 
of surface area. The total accumulation of 
radioactive contamination during these few 
tests reached 84% of the recommended 
maximum operating level used at ORNL. 
The build-up of activity on other mill equip- 
ment was negligible. 

3. Accumulated Residues: Residues ac- 
cumulating at the base of the cutting shears 
indicated activity up to 6 x 10° yue/gram 
sample. Samples of soil taken from the 
ground where the stainless steel was un- 
loaded indicated activity on the order of 
1.5 x 10+ ,»e/gram sample. These values 
are from 7 to 300 times the amount of 
uranium usually present in the soils of 
this area. 

Gummed paper fallout collectors placed 
inside the building above the furnace dur- 
ing the second test on the 70 tons of stain- 
less steel indicated a continuous build-up 
in activity from “fallout” ranging from 161 
d/m/ft* after the first two melts to 1092 
d’m/ft? after completion of the tests. 

4. Samples of Slag and Furnace Lining: 
Samples of slag and furnace lining were 
obtained from each test. The highest ac- 
tivity obtained in the slag from the stain- 
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Air samples collected in area adjacent to electric furnace. 


less steel was 461 »g U/gram sample (see 
Table I). The highest activity obtained 
from the slag during the copper test was 
1730 p»pg U/gram sample (see Table II). 
By comparison with the soils of this area, 
this concentration is from 10 to 35 times 
that of the uranium content of Chattanooga 
shale as was reported by Gatt and as- 
sociates.? 

The highest activity from the furnace 
lining after completion of the stainless steel 
tests was 56 »g U/gram sample (see Table 
III). The highest activity from the copper 
furnace lining was 1000 »g U/gram sample 
(see Table IV). 

5. Melt Samples: Samples were taken 
regularly during various stages of the 
smelting process. The highest activity re- 
corded from a stainless steel melt was 0.13 
pg U/gram sample (see Table V). The 
highest activity obtained from a copper melt 
was 3.1 »g U/gram sample (see Table VI). 
Drillings taken from cold ingots indicated 
the activity to be relatively uniform in dis- 
tribution throughout the ingot as shown in 
Table VII. These values do not differ greatly 
from those reported by Klevin and Harris 
for uncontaminated steel and copper. Thus, 
it would seem that the contaminant is re- 
moved effectively through smelting. 

6. Personnel Monitoring: All personnel 
participating in the operation were provided 
with protective clothing consisting of cover- 
alls, caps, and gloves. Showers and clean-up 
facilities were available. Routine monitor- 
ing indicated that gloves and other gar- 
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ments on all individuals 
who came in direct contact 
with the contaminated 
scrap became contaminated. 
Respirators were issued 
where the possibility of air- 
borne activity was evident. 
Urine specimens were col- 
lected from all personnel in- 
volved in the torching, 
shearing, and furnace load- 
ing operations. Specimens 
collected indicated that per- 
sonnel cutting stainless 
steel with torches received 
the highest internal dose. 
In no case was maximum 
permissible body burden 
exceeded during the test. 


AZARD control may best be discussed by 

dividing the operation into four sepa- 
rate stages as outlined below: 

1. Preparation: This includes all phases 
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Air samples collected in area adjacent to re- 
verberatory furnace. 
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Fig. 8. 


in the handling of the metal prior to its 
being placed in the furnace for smelting. 
The tests indicate that ordinary handling 
of the scrap presents personnel contamina- 
tion problems and that torching and shear- 
ing in the sizing process produces air con- 
tamination. As seen in Fig. 8, the torching 
operation produces considerable smoke and 
dust. Analysis made from air samples col- 
lected at several points somewhat removed 
from the immediate breathing zone gave re- 


TABLE I. 
STAINLESS STEEL SLAG 


TABLE IV. 
LINING OF REVERBERATORY FURNACE 


Sample Number ug U/gram Sample 


190 
1000 
98 
31 


TABLE V. 
STAINLESS STEEL PRODUCT 


Sample Number 


ug U/gram Sample 


TABLE VI. 
FINISHED COPPER PRODUCT 
Sample Number 


ug U/gram Sample 


1 
2 
3 
4 
5 
6 
q 
8 
9 


Sample Number ug U/gram Sample 


S-1 3.90 
S-2 77.9 
S-3 184 
S-4 461 
S-5 122.4 
S-6 130 


TABLE II. 
CopPER SLAG 


Sample Number ug U/gram Sample 


1440 
1680 
1680 
1480 
0000.43 
0000.47 
1480 
1730 


00 <3 Or Co 


TABLE III. 
LINING OF ELECTRIC FURNACE 


Sample Number ug U/gram Sample 


sults well above the maximum permissible 
concentration values given in NBS Hand- 
book 52. The tests show that much contami- 
nation falls off the scrap material during 
periods when it is agitated. This is most no- 
ticeable during transfer from one locale to 
another. During the tests made with stain- 
less steel, where sizing was done at the mill, 
sufficient evidence was presented to conclude 
that over a period of time general contami- 
nation of the premises would result. In con- 
trast to this, the copper was sized and placed 
in steel drums in such a manner that it was 
possible to transport the scrap directly to 
the face of the furnace without subsequent 
handlings. No contamination occurred in 
the railroad car or along the route except 
in one instance. During the smelting opera- 
tion, one of the steel drums became over- 
turned with the result that the area on the 
concrete floor around the drum became 
highly contaminated. Inasmuch as the work- 
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men had been warned against the conse- 
quences of an incident of this type, the 
work was halted momentarily and clean-up 
procedures instituted. In all, about 20 min- 
utes were required to remove the contamina- 
tion and then work was allowed to proceed. 

2. Smelting: Although there are several 
kinds of furnaces used in smelting, only 
two types were studied in these experi- 
ments. The top loading electric furnace 
shown in Fig. 1 is of a type customarily 
found in mills throughout this country. 
This type does not have a controlled off- 
gas system. Large quantities of smoke 
and dust arise as the three electrodes burn 
their way down through the scrap which 
is loaded prior to the insertion of the 
electrodes. One observes during this phase 
that large volumes of smoke are generated 
over the furnace. The smoke can be traced 
visually and is observed to follow the normal 
air currents which exist inside the build- 
ing. An analysis of the smoke laden air, 
Fig. 5, indicates concentrations in excess 
of the NBS Handbook 52 values. In the 
work area at floor level, Fig. 6, air con- 
centrations never exceeded permissible lev- 
els for “controlled” area work.* However, 
should contaminated metal be released un- 
restricted, the permissible concentration is 
1/10th of that which is recommended for a 
controlled area. In this instance the values 
were exceeded in more than half of the 
cases sampled. 

It should be mentioned that it is the 
common practice to operate an overhead 
crane in the charging of the furnace. As 
the operator usually rides the crane in a 
position at, or near, the ceiling, he is di- 
rectly exposed to the smoke and fumes. 

The second type furnace studied was the 
oil-fired reverberatory type which was 
equipped with off-gas facilities. During the 
smelting of the 100 tons of copper, no 
air activity (in excess of 1/10th of the MPC 
value established by NBS Handbook 52 for 
a controlled area), Fig. 7, was detected 
outside the furnace or inside the building 
which housed the furnace. Fallout collection 
yielded no measureable amounts of con- 
tamination either inside or outside the 
building. One important advantage noted 
in the oil-fired furnace was the introduc- 


*NBS Handbook 52 lists this value as 1.7x10-". 
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tion of large volumes of air required in the 
combustion process. It is estimated that the 
air flow reached an excess of 6000 cu ft/min 
contributing in no small measure to the 
dilution process prior to discharge from 
the stack to the atmosphere. 


Conclusions 


THE PILOT plant experiment demon- 

* strates that there are definite health 
hazards associated with the remelting of 
contaminated stainless steel and copper. 
However, remelting is a practical method 
for the reclaiming of these materials, as 
only a few precautions are necessary to 
effectively control these hazards. 

2. Hazard control is effected by: (a) 
Providing personnel with protective cloth- 
ing, clean-up facilities, respirators, and 
minor clinical laboratory services. (b) Rigid 
control of the contaminated scrap during 
the inspection, transporting, and sizing 
phases. A minimum of handling procedures 
is recommended prior to smelting as the 
experiment clearly indicates that contam- 
ination of personnel, material, and equip- 
ment will occur. (c) Control of the off- 
gases and airborne particulates by dilu- 
tion and subsequent dispersal to the at- 
mosphere. (d) Proper disposal of slag. 
Activation analysis may be required to de- 
termine the magnitude of the radiation 
problem. (In addition, there always exists 
the possibility that the slag may contain 
reclaimable amounts of metal.) 

3. The professional services of the health 
physicist are required as data obtained from 
the available instruments require special 
interpretation. 

4. The tests indicate that there is no ap- 
parent health hazard associated with the 
melt as the amount of contaminant carried 
over is relatively insignificant. 

5. It should be emphasized that in the 
large scale process problems are encountered 


TABLE VII. 
STAINLESS STEEL 
(Finished Product at Various Depths) 


Sample Number’ Depth Results in yg U/gram Sample 


1 Surface 062 
2 1/16” 042 
3 1/2” 063 
4 
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which might not be detected from labora- 
tory tests, or even one full scale produc- 
tion run. Because of this, a full scale opera- 
tion which includes the handling of large 
stock piles of scrap should be carefully 
evaluated by the health physicist, metal- 
lurgist, and production engineer. 
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FIELD TECHNIQUES USED TO 


Determine Height and Exit Diameter 
of a Power Plant Stack 


CHRISTIAN F. BERGHOUT, Chief, Industrial Hygiene Engineering Division 
U.S. Army Environmental Health Laboratory 
Army Chemical Center, Maryland 


TACKS which are of inadequate height for 
the proper dilution of effluents are the 
cause of a fairly common atmospheric pol- 
lution problem. Accredited data are avail- 
able for determining resultant concentra- 
tions of gas at various distances from the 
point of discharge if building-generated 
turbulence is absent. These data are not 
applicable, however, in the presence of such 
turbulence. Field studies then become nec- 
essary where it is impractical to complete 
wind tunnel studies. The purpose of this 
paper is to describe the field techniques 
which were used at an Army power plant 
to determine the stack height and exit 
diameter which would be required for the 
most effective dilution of effluents in the 
presence of building-generated turbulence. 
Wind tunnel studies have enabled the 
U. S. Bureau of Mines! to develop approxi- 
mate data for determining the maximum 
relative gas concentrations in the vicinity 
of a stack. These studies showed that the 
general form of the stack-discharge stream 
was that of an expanding jet bent more or 
less gradually until its axis coincided with 
hat of the wind. The form, position and 
elative contaminant content of the dis- 
-harged stream, it was found, could be 
correlated very closely with the ratio of 
wind velocity to stack velocity, and the dis- 
tance from discharge expressed in stack 
dimensions. This is illustrated in Fig. 1, 
which gives the concentration-ratio curves 
showing the maximum relative gas concen- 
trations that can occur. Close to a stack the 
maximum values occur for a velocity ratio 
Presented at the Eighteenth Annual Meeting of the 
American Industrial Hygiene Association, St. Louis, April 
25, 1957. 


of about 1.0; and, at 25 stack diameters 
away, the maximum concentration to be 
expected is about 10% of that in the stack. 
The dotted lines on the chart indicate that 
peaks of greater concentrations may result 
under certain conditions. The data are ap- 
plicable, however, only when the influence of 
building-generated turbulence is well below 
the top of the stack and the turbulent-flow 
gas velocity is equal to or greater than the 
wind velocity. 

The satisfactory rise of gas from two of 
three operating boilers of an Army power 
plant during a wind velocity of less than 
two miles per hour are shown in Fig. 2. The 
velocity of the discharge is such that tur- 
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Fig. 2. 


bulent-flow discharge from these stacks is 
occurring. Over the normal operating range 
the exhaust velocity is estimated to be 5.3 
to 8.1 miles per hour. The stacks seen in 
this illustration are eight feet in diameter 
and discharge seven feet above the 75-foot- 
high building; the building is 74 feet by 
110 feet in plan. The steam-rated capacity 
of each boiler is 100,000 pounds per hour. 
The total load for the plant, however, is 
normally between 130,000 and 200,000 
pounds per hour with an average of about 
150,000 pounds per hour during the season 
of operation (November through May). 
Bunker C fuel oil of relatively high sulfur 
content (1% to 2% ) was burned with high 


WIND VELOCITY (mpn) 


Le 
PERCENT EQUAL TO OR LESS THAN 


Fig. 3. 


Probability curve for wind velocity data from Aberdeen Proving 


Ground Airport. 
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excess combustion air. It was estimated that 
each boiler discharged 23,600 to 36,000 cfm 
of gases containing 315 to 630 ppm of SO.. 
Therefore at the point of maximum con- 
centration 25 stack diameters (200 ft) 
away, and without turbulence, the concen- 
tration at a height of 107 feet would be 
10% of the stack concentration or about 32 
to 63 ppm. At double this distance, 50 stack 
diameters (400 ft) away, the concentration 
at the same height would be 5% or about 
16 to 32 ppm. Short exposure (1% to 1 hour) 
in occupied areas, to concentrations less 
than 100 ppm has generally been considered 
permissible.- Owing to building-generated 
turbulence in combination with wind veloci- 
ties which exceed stack ve- 
locities 21% to 40% of the 
time, as illustrated in Fig. 
3, it was questionable that 
safe conditions could be 
expected to prevail long 
enough. 

The downwash of gases 
associated with high wind 
velocity and building-gen- 
erated turbulence over the 
power plant is illustrated 
in Fig. 4. This photograph 
was taken with a 30-mile- 
per-hour wind blowing 
across the power plant. It 
is believed this illustrates 
the manner in which the 
accumulation of undiluted 
gases might result in con- 
ditions which would be dan- 
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gerous to workers in nearby buildings for 
even short exposure (400 to 500 ppm) .* 

The effect of downwash of gases at ratios 
above two (wind velocity across the power 
plant of 35 miles per hour resulting in dif- 
fusion of gases between buildings located 
downwind) is iilustrated in Fig. 5. This 
condition can occur with relative frequency 
as indicated by the tabulation of average 
wind velocity data, illustrated in Fig. 3, 
which shows that wind-to-stack velocity 
ratios of 2.0 or more were experienced over 
20% of the time. A tabulation of the per- 
centage of time the wind blew in any given 
direction indicates that all quadrants were 
subject to downwash of gases at these criti- 
cal wind speeds. Alteration of the stack 
height and exit diameter is therefore indi- 
cated to insure that proper dilution of stack 
effluents will generally take place. 

A study was made under prevailing oper- 
ating conditions to determine the height 
and exit diameter of stacks which would 
be required for the most effective dilution 
of effluents. In this study U. S. Army Chem- 
ical Corps M7 hexachloroethane smoke gre- 
nades were used in two series of tests at 
wind velocities of 35 and 45 miles per hour. 
The procedure was to set off grenades and 
observe the smoke pattern. Grenades were 
set off on the windward parapet wall of the 
power plant, on the top of a stack, on the 
leeward parapet wall, and from a pole 20 
feet above the stacks. Three photographs 
of the results obtained during the 45-mile- 
per-hour test illustrate the smoke patterns 
being produced above the plant. In Fig. 6 
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a 45-mile-per-hour wind was blowing from 
the right across the building. The smoke 
grenades are located on the right parapet 
wall and the pole. Note that the stack gas 
was caught in a reverse current. A more 
distinct picture of the individual smoke 
patterns produced with the 45-mile-per-hour 
wind across the building is presented in 
Fig. 7. 

Fig. 8 taken in the same series as the 
other two, illustrates the downwash of gas 
around the stack resulting in diffusion of 
the effluent over the edge of the building 
and the space beyond. This 45-mile-per-hour 
test indicated that the depth of the turbu- 
lent zone was 22 to 28 feet. The 35-mile-per- 
hour test indicated the depth of 17 to 22 
feet. 

On the basis of the wind tunnel studies 
of the U. S. Bureau of Mines, which con- 
firmed the results of an earlier study by 
the Department of Engineering Research, 
University of Michigan,* it may be con- 
cluded that a downwash up to two stack 
diameters may result when the wind-to- 
stack velocity ratio is 2.0 or over. Determi- 
nation of a stack diameter for which there 
would be adequate fan capacity and good 
performance during the wind speeds ex- 
perienced is therefore required to arrive at 
practical stack dimensions. Depending upon 
the boiler-operating rate, the gas-exit ve- 
locity should range between 2450 to 3700 
fpm (28 - 42 mph). This can be maintained 
with a 42-inch stack diameter. A tabulation 
of the average wind velocity data presented 
in Fig. 3 shows that these stack velocities 
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would be equal to or greater than the wind 
velocity 99.3% to 99.7% of the time. In ad- 
dition, these stack velocities would be equal 
to or greater than wind-gust velocities 56% 
to 94% of the time. The recommended stack 
height, using the 28-foot turbulent depth 
value and adding two 42-inch stack diame- 
ters, thence becomes 35 feet, or 28 feet 
greater than the present stacks. 

Application of Sutton’s equation? to the 
powerplant indicates that heightening the 
stacks would result in a theoretical maxi- 
mum concentration of 0.03 ppm SO, being 
produced at ground level at a distance of 
one mile, assuming the wind velocity is 10 
mph and 2% content in the fuel oil. This is 
below the maximum concentration where 
odor exists. 

In the practical application of this data 
the question arises whether the induced 
draft fans will perform satisfactorily with 
the increased resistance to flow that will be 
caused by the additional stack height and 
smaller exit diameter. A performance test 
confirmed data available for manufacturer’s 
characteristic curves that the induced draft 
fans would operate satisfactorily at the 
increased resistance. Increase of fan speeds 
in the range from 430 to 650 rpm will be 
required with the proposed stacks at cur- 
rent boiler capacities although a speed of 
900 rpm will be required at the top capacity. 
In the event greater resistance is imposed 
on the fans, such as would be required with 


Fig. 8. 


higher stacks and exit velocities or use of 
separating equipment, larger induced draft 
fans would have to be installed. The in- 
creased daily cost of operating the plant 
with the new stacks was estimated to be 
$1.50. 


Acknowledgment 
HE FOLLOWING U. S. Army Environmen- 


tal Health Laboratory personnel assisted 
with the collection and analysis of data: 
George F. Sprague, III, Chief, Industrial 
Hygiene Survey Division; Marshall E. Bak- 


er, Ist Lt, MSC, Industrial Hygienist; 
Howard E. Barrett, Jr., lst Lt, MSC, In- 
dustrial Hygienist; Howard B. Perry, Ist 
Lt, MSC, Industrial Hygienist; Norman 
L. Case, lst Lt, MSC, Industrial Hygienist; 
Dwain F. Hogan, Pfc, Sanitary Engineering 
Assistant. 


References 


1. United States Department of the Interior, Bureau 
of Mines: Dilution of Stack Effluents. Technical Paper 
657, U. S. Government Office, Washington, D. C., 1944, 
pp. 5-6. 

2. Patty, FRANK A.: Industrial Hygiene and Toxicol- 
ogy, Vol. II. Interscience Publishers, Inc., 1949, p. 585. 

3. SHERLOCK, R. H., STALKER, E. A.: A Study of Flow 
Phenomena in the Wake of Smokestacks. Engineering Re- 
search Bulletin No. 29, Department of Engineering Re- 
search, University of Michigan, Ann Arbor, 1941. 

4. Sutton O. G.: The Theoretical Distribution of Air- 
borne Pollution from Factory Chimneys. Royal Meter- 
ological Society, 2:426-436, 1947. 

5. Sutton, O. G.: The Problem of Diffusion in the 
Lower Atmosphere. Quart. J. R. Met. Soc., London, 1947, 
pp. 257-281. 


} 
245 
3 
q 


tin Pollution Problems 
FROM HIGH TEMPERATURE STACKS 


JAMES R. KAYSE, Supervising Engineer 
Dust Control Products, American Air Filter Company 
Louisville, Kentucky 


— present day air pollution codes 
and regulations is still a_ relatively 
minor problem for normal temperature 
stack gases. Equipment is available at 
reasonable cost and maintenance to provide 
the required degree of collection efficiency 
for practically all dust problems at ambient 
temperatures. This is not true for applica- 
tions involving hot and often 
moist corrosive gases containing 
appreciable quantities of sub- 
micron size material. Due to the 
expense and difficulties involved, 
effective collection equipment has 
not generally been provided for 
these applications until recent 
years. 

Particle Size: Where melting 
or chemical reaction takes place 
in kilns, roasters, furnaces, etc., 
the stack gas contains a high 
percentage of low or submicron 
size material by weight. Present 
day air pollution standards, for 
the most part, eliminate the 
cheaper and less efficient dry 
centrifugals except as preclean- 
ars in some instances and require 
‘he more expensive wet, fabric 
or electrostatic collectors. Fig. 1 
illustrates the range in particle 
size of some typical high tem- 
perature industrial effluents and 
collection equipment efficiencies. 

Concentration: In rotating 
kilns or dryers, the stack gases 
flowing through cascading ma- 
terial convey high concentrations 
of fine solids up the discharge 
stack. For the dual purpose of 
dry reclamation and reduction of 
dust loading, dry centrifugals 


are used as precleaners ahead of the more 
efficient secondary collector. Where heavy 
concentrations are involved, the need for a 
high degree of solids removal to satisfy 
public nuisance complaints is illustrated by 
the limestone dryer problem, Fig. 2. The 
90% collection efficiency of the dry centrifu- 
gal only reduced the dust loading from 100 
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static precipitation. It is ex- 

tremely doubtful if the degree of 

removal generally accepted for 

1200 wen --300%/HR fly ash collection from boiler 
1SOOOCFM / stack gases would be satisfactory 
130007/HA\ | | from a public nuisance stand- 
point if such quantities were re- 

leased from industrial process 

stacks. The widespread use in 

any area of coal burning boilers 

makes it difficult to pin down the 

source of settled fly ash. This 

does not apply to the varied ma- 

terial and identifying plume that 

makes the industrial stack a 


grains per cubic foot to 10 grains per cubic 
foot. The addition of low velocity settling 
chambers operating at 75% efficiency still 
permitted an effluent to the atmosphere of 
2.5 grains per cubic foot or 300 lbs. per 
hour. A high efficiency wet collector solved 
the problem by removing practically all of 
the remaining solids. 

In this illustration, the wet collector is 
operating at 98% efficiency. It is interesting 
to note that if the two primary collectors 
were removed and the wet collector still 
operated at 98% efficiency, the discharge 
stack would contain 260 pounds per hour. 
This points out the often heard advice of 
“evaluate the amount of material escaping 
the dust collector instead of the percent 
caught.” 

Fig. 3 shows a low resistance dry cen- 
trifugal being operated as a precleaner to 
a high efficiency wet collector on the exhaust 
of an asphalt plant aggregate dryer. It is 
not uncommon to have concentrations rang- 
ing from three to 10 grains per cubic foot 
escaping such primary collectors. Removal 
of 97% of these escaping fines can be ob- 
tained with wet collection equipment as a 
secondary collector. Fig. 4, shows a multiple 
cyclone being used as a primary collector 
ahead of a wet collector on a typical dryer 
application in the chemical industry. 

The removal of fly ash from pulverized 
fuel and spreader stoker fired boiler stack 
gases is an exception. Dry centrifugals with- 
out secondary collectors have been accepted 
for this stack cleaning problem in most 
cases. Exceptions are plants of large volume 
emission rates such as central stations lo- 
cated in municipal areas requiring electro- 
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TABLE I. 

PERMISSIBLE EMISSIONS 
VERSUS OTHER INDUSTRIAL 
EFFLUENTS 


COMPARISON OF 
BoILeR FLY ASH 


Estimated 
Coal 
Burned 


#/hr. 


Steam 
Generated 
#/hr. 


Proposed Allowable Emissions 
Boiler Stacks Industrial Process 


100,000 
150,000 
200,000 
300,000 
400,000 
500,000 
600,000 
860,000 
1,000,000 


12,500 
18,750 
25,000 
37,500 
50,000 
62,500 


#/hr. 11.6 
#/hr. 15.4 
#/hr. 19.2 
#/hr. 26.7 
#/hr. 34.3 
#/hr. 40.0 
#/hr. 40.0 
#/hr. 40.0 
#/hr. 40.0 


oo g 


Svan e 


75,000 
100,000 
125,000 


~) 


point of specific attention and awareness on 
the part of the neighborhood. Table I ¢om- 
pares the allowable emission rates of the 
ASME Code adopted by most cities for 
boiler stacks versus the Los Angeles County 
Code for industrial effluents. Note the much 
lower allowable emission rate for the same 
process weight permitted by the latter code. 

Temperature and Moisture: In the past, 
fabric type arresters have had little applica- 
tion to these cleaning problems because of 
their 200° limiting temperature on natural 
fabrics. The increased allowable tempera- 
ture of 275° on synthetic fabrics or 500° 
on glass media in conjunction with the need 
for high collection efficiency has permitted 
an increasing usage of cloth collectors in 
recent years. Possible condensation with 
resulting mudding or plugging of the media 
and adjacent problems of evaporative cool- 
ing with reheat still eliminate this type of 
collector for this service in general. 

By elimination process, the only basic 
types of high efficiency equipment left for 
consideration are the electrostatic precipita- 
tor and the wet collector designs. The 
electrostatic gives excellent results on most 
applications in this group and has been used 
extensively where large gas volumes are 
involved. Its high cost makes it especially 
unsuited for the many smaller volume ap- 
plications. This is especially true if less 
expensive equipment can provide a reason- 
able collection efficiency. 

The use of wet type dust collectors has 
proved to be the answer to many of the 
high temperature gas cleaning problems. 
Collection efficiency is high on particles in 
the low micron size. Moisture laden gases 
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can be exhausted without difficulty from 
condensation. The major shortcoming is the 
inability to collect with high efficiency the 
submicron fumes from metal melting and 
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Fig. 8. 
sublimed salts from similar operations. 
Corrosion: Frequently, stack gases at 
elevated temperatures contain corrosive 


gases either due to products of combustion 
or released from the product during drying 
operations. These gases when mixed with 
the water in wet collector designs often 
form mild acid solutions necessitating ex- 
pensive special materials of construction or 
protective coatings. Neutralizing the supply 
water is expensive and seldom a complete 
solution. The inefficiency of the collector 
still permits corrosion on the damp surfaces 
of the cleaned gas passages, exhauster, and 
discharge stack. 


Fig. 9. 
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Fig. 5, illustrates how the well- 
| known dark cloud from a dryer 
in a coal tipple can be changed 
to a white plume of steam by 
the installation of a high effi- 
ciency wet collector. Corrosive 
gas from the products of com- 
bustion necessitate rubber lining 
of the equipment thus increasing 
its initial cost by 300%. Fig. 6 
shows a wet collector fabricated 
of stainless steel exhausting the 
drying of corrosive material in 
a chemical plant. 

In less: frequent cases, dry cor- 
rosive gases can cause chemical 
attack on fabrics in cloth collectors or in- 
itiate electrolytic action on metallic sur- 
faces. Condensation during down-periods 
can be troublesome on fabric collectors and 
electrostatic precipitators exhausting indus- 
trial processes containing corrosive gases 
or materials. This is readily illustrated by 
the chemical attack that sometimes takes 
place on the hoppers of dry centrifugals 
and electrostatic precipitators exhausting 
boiler stack gases when the temperature in 
the hopper drops below 300°F. 

Volume: Increases in temperature are 
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synonymous with increases in air volumes. 
This results in the selection of larger sized 
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equipment with its higher cost. It is es- on extremely high temperature applications 
pecially significant where the ultimate in results not only in expensive collection 
collection efficiency, temperature controls, equipment but also costly auxiliary equip- 
and corrosion protection is required. ment. Fig. 8 illustrates a cloth collector 

Air Pollution Ordinances: It is logical to exhausting lead and zinc fumes from a 


attempt to extend present regu- 
lations and codes covering boiler 
stack gas fly ash and smoke emis- 
sions to the high temperature 
gas cleaning problems in indus- 
try. The failure to appreciate the 
extreme variations in particle 
size, concentration, and composi- 
tion that is encountered in this 
latter group has made this at- 
tempt ineffective. The two com- 
mon yardsticks of concentration 
in terms of grains per cubic foot 
and the use of a visible gage or 
opacity have no _ significance. 
Measurement of collection effec- 
tiveness in terms of weight offers 
the only practical means avail- 
able for weighing the effective- 
ness of contro! measures. 

For example, in industrial 
problems, dilution with room or 
outside air could provide accepta- 
ble concentrations without any 
collection equipment for many 
processes. The electric steel melt- 
ing furnace shown in Fig. 7 dem- 
onstrates this situation. If the 
furnace was not hooded and sim- 
ply ventilated by roof monitors, 
wall fans or other means of 
general exhaust of the melting 
area, an exhaust volume of 
100,000 cfm would be required. 
With a local exhaust hood at- 
tached to the roof ring as shown, 
fumes and smoke can be ex- 
hausted by 20,000 cfm, making 
collection more practical with the 
lower gas volume. Yet after the 
removal of 80% of the solids in 
the latter case, the stack effluent 
would still have the same escap- 
ing concentration in grains per 
cubic foot as the former where 
no collection equipment was em- 
ployed. 

Auxiliary Equipment: The 
need for high collection efficiency 
exhausting submicron materials 


High efficiency dry centrifugal installation. 
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Fig. 12. 
Electrostatic precipitator installation. 
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TABLE II. 
COMPARISON OF SOME IMPORTANT DUST COLLECTOR CHARACTERISTICS 
FOR HIGH TEMPERATURE APPLICATIONS 


Troubled 


Size Limit Corrosive Maximum 
in Microns Gases by Temperature Reduced 
for High Attack Condensation for Pressure Volume 
Collection Standard or Entrained Standard Space Loss Lowers 
Type Efficiency Construction Moisture Construction Requirements Inches W.G. Efficiency 
DRY CENTRIFUGAL 
Louvre 30-40 Slight Considerable 750° F Small 1-3 Yes 
Dry Dynamic 15-25 Slight Some 750° F Small t No 
Multiple Centrifugal 10-20 Slight Considerable 750° F Moderate 3-6 Usually 
Low Resistance 
Cyclone 30-40 Slight Slight 750° F Large %-1% Yes 
WET COLLECTOR 
Packed Tower 1-5 Severe Slight No Limit Large 144-3% No 
Wet Centrifugal 1-5 Severe Slight No Limit Moderate 2%-6 Yes 
Wet Dynamic 1-2 Severe Slight No Limit Small t No 
Orifice Type 1-5 Severe Slight No Limit Small 212-6 Varies 
Nozzle 0.5-5 Severe Slight * Moderate 2-4 Varies 
Venturi 0.5-2 Severe Slight bg Small 12-20 Varies 
FABRIC 
Conventional 0.4 Slight Considerable 275° F Large 2-6 No 
Reverse Jet 0.25 Slight Considerable 275° F Moderate 3-8 No 
ELECTROSTATIC 25 Slight Some 750° F Large wy No 


* Precooling of high temperature gases necessary to prevent rapid evaporation of fine droplets. 
+ Function of mechanical efficiency of these combined exhausters and dust collectors. 


USUAL EQUIPMENT SELECTION FOR SOME COMMON HIGH TEMPERATURE APPLICATIONS 


Collectors Frequently Used In Industry 


Tempera- Concentra- Particle High 
ture Range tion Range Size Efficiency Wet Fabric Electro- 
Operation °F Gr/Cu/Ft Microns Cyclone Centrifugal Collector Arrester Static 
CHEMICAL AND 
FERTILIZER 
a. Dryer 150-500 Heavy Med-Coarse Occasional Usual Usual Rare Seldom 
b. Kiln Roaster 200-1000 Heavy Medium Occasional Frequent Usual Rare Often 
ce. Furnace 500-1500 Moderate Fine-Med. Rare Rare Frequent Rare Frequent 
COAL MINING 
a. Dryer 200-350 10-20 Fine-Med. Occasional Frequent Frequent No No 
FLY ASH 
a. Coal Burning — 
Pulverized 
Fuel 300-600 .5-3.0 Fine-Med. Rare Frequent No No Frequent 
b. Coal Burning — 
Stoker Fired 300-600 .5-2.0 Med-Coarse Rare Frequent No No Seldom 
ec. Wood Burning 150-300 Varies Coarse Occasional Occasional No No No 
INCINERATION 
a. Commercial 150-500 Moderate Fine-Med. Rare Occasional Frequent No Seldom 
b. Flue-Fed 100-200 Light Fine-Med. Rare Rare Occasional No No 
METAL MELTING 
a. Steel Electric 
Furnace 150-500 1-1.5 1-10 No No Frequent Frequent Occasional 
b. Steel Open 
Hearth 1000-1500 1-2.0 1-10 No No Doubtful Possible Probable 
ec. Steel Blast 
Furnace 1000-1500 5-50 1-50 Frequent Rare Frequent No Frequent 
d. Ferrous 
Cupola 1000-2000 .1-2.0 -1-100 Rare Frequent Frequent Occasional Occasional 
e. Non-ferrous Re- 
verberatory 1000-1500 .005-.20 1-10 No No Rare Occasional Occasional 
f. Non-ferrous 
Crucible 200-500 -05-.5 1-10 No No Rare Occasional Doubtful 
g. Non-ferrous 
Rotary 500-1000 1-2.0 1-10 No No Rare Occasional Doubtful 
METAL MINING 
AND ROCK 
PRODUCTS 
a. Dryer 150-500 Heavy Med-Coarse Frequent Frequent Frequent Rare Seldom 
b. Kilns, Roaster 200-1000 Heavy Medium Frequent Frequent Frequent Rare Occasional 
ce. Sintering 200-500 Moderate Medium Frequent Frequent Frequent Rare Rare 


= = - 
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reverberatory furnace. Note the 
need of a water cooled flue with 
cooling tower and the radiation 
coolers to lower the stack tem- 
peratures from 2000° down to 
500°. Even at 500° it is necessary 
to provide expensive glass fab- 
rics before a cloth collector can 
be used. 

Fig. 9 shows a typical ferrous 
cupola stack without collection 
equipment. Fig. 10 shows the 
same installation after cooling 
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equipment and high efficiency 

collection have been _ installed. 

Figs. 11 and 12 show sche- 

matically a cupola installation being ex- 
hausted by a highly efficient dry centrifugal 
and an electrostatic precipitator respec- 
tively. 

In both cases, automatic stack dampers, 
thermostatic controls, and stainless steel 
water cooling towers are required to lower 
the temperature from 1500° down to 500°. 
Fig. 13 illustrates the same cupola stack 
being exhausted by a cloth collector. In this 
instance, the equipment cost is even greater 
because the lower allowable temperature re- 
quires more elaborate cooling, usually re- 
heat and thermostatic controls with auto- 
matic by-pass dampers in the event of water 
failure. 

As a summary, Table II has been pre- 
pared to give the limitations of the various 
dust collectors when applied to high tem- 
perature applications. Table III gives an 


Fabric arrester installation. 


indication of temperature range, dust load- 
ing and particle size along with the collector 
normally used for the more common high 
temperature applications. It should be un- 
derstood that there are exceptions to this 
chart and also there are many more high 
temperature applications being exhausted 
in industry that are not covered by this 
chart. 
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Special report from 


Bibliography on Air Pollution 


HE Subcommittee on the Health Aspects of Air Pollution of the Committee 
of Research and Standards of the American Public Health Association has 


prepared an annotated bibliography entitled “The Effects of Atmospheric Pollu- 
tion on the Health of Man.” The aim of the bibliography is to abstract the 
publications concerned with the physiological effects of the pollution of the 
general atmosphere. The abstracts of 790 papers are divided into five groups: 
(1) community studies; (2) discussion of atmospheric pollution; (3) studies 
of the individual; (4) experiments on animals; and (5) cardiovascular and 
pulmonary functions and other tests. Inquiries concerning the bibliography 
should be directed to DR. JOHN PHAIR, Department of Preventive Medicine and 
Industrial Health, College of Medicine, University of Cincinnati, Cincinnati, Ohio. 
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An Electrostatic Fog Precipitator 


EVAN C. EVANS, Iil 
U.S. Naval Radiological Defense Laboratory 
San Francisco, California 


An electrostatic precipitator has 
been developed which deposits liquid 
droplets from fog on water-sensitive 
film for later analysis of droplet size 
distribution and chloride content. Cur- 
rent design criteria and operating 
characteristics are presented. The in- 
strument has been used locally in the 
collection of natural fogs and ocean 
spray. Partial results of these investi- 
gations are presented together with 
laboratory evaluation of instrument 
alteration of droplet size. 


HE DOCUMENTATION of transient physical 

phenomena in the formation and history 
of clouds associated with underwater ex- 
plosions created a need for a device which 
would give a continuous and permanent rec- 
ord of drop size in the cloud versus time. 
Since the size of individual droplets is in- 
fluenced both in the cloud and after col- 
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lection by such a large number of parame- 
ters, the determination of size frequency 
distributions is most difficult in a liquid 
aerosol, a condition well demonstrated by 
the large range in median sizes and droplet 
concentrations reported by various authors 
in Table I. 

Although some of this variation may be 
explained in terms of normal differences 
between clouds, much of it must be at- 
tributed to the collection methods employed. 
The exceedingly low impaction efficiencies 
for the smaller drop sizes! and resolution 
difficulties inherent in the sensitive surfaces 
employed?:*}+ effectively prevent positive 
identification of droplets less than 10 » in 
diameter. Accordingly a special polyvinyl 
alcohol film® capable of recording measur- 
able diameters as low as 1 » was developed 
in conjunction with an electrostatic pre- 
cipitator designed to collect water droplets 
on a moving 35 mm film. Since the electro- 
static wind associated with a corona dis- 
charge was observed to prevent entry of 
small droplets into the corona field, the 
electrostatic precipitator was designed to 
introduce the aerosol parallel to the pre- 


TABLE I. 
FoG AND CLOUD PARAMETERS REPORTED IN THE LITERATURE 


Range of Median 
Sizes Size 
Type of Cloud (x) 


Number of 
Droplets 
per cm? 


Available 
Water 
(mg/m*) 


Reference 


Artificial fog very large 


Ocean fog 2,000 
Ocean fig 200 
Ocean fog 2-10 1-10 


Ocean fog 


Inland fog 
Smog 


Smog 


Cloud 
Cloud 


Cloud 


PAUTHENIER and BrRUN, Revue Generale De 
L-Electricite, 51:1, 58, 1942. 

KAMIYAMA and MOoRIGUCHI Papers in Meteor 
Geophysics (Japan), 3:104, 1952. 

HOUGHTON and RApForp, Wocds Hole Oceano- 
graphic Inst., 6:4, 1938. 

W. J. HUMPHREYS, Physics of the Air, 3rd Ed. 
p. 280. 

Bricarp, Ann. Phys., 14:148, 1940. 

BRUN, LEVINE, and KLEINKNECHT, NACA Tech 
Note #2458, 1951. 

NEIBURGER and WARTELE, Chem. Revs., 44:321, 
1949. 

BRUN, LEVINE, and KLEINKNECHT, ibid. 

Iroo, YANO, and HAMA, f. Meteor. Soc. Japan, 
31:6, 219, 1953. 

H. Kou.er, Trans. Faraday Soc., 32:1152, 1936. 
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Diagrammatic sketch of precipitation head and 
precipitation chamber. 


cipitating field as suggested by an instru- 
ment developed by Wilkening.® The design 
of the precipitator was determined by a 
prolonged series of experiments and em- 
pirical determinations; however, this re- 
port will cover only the final form of the 
instrument together with some of its oper- 
ating characteristics. 


Description of the Instrument 

HE ELECTROSTATIC precipitator may be 

divided into three distinct sections; the 
precipitation chamber, the film compart- 
ment, and the compartment housing support 
equipment. Of the three, the precipitation 
chamber is the only truly novel engineering 
development. The chamber proper (J) is a 
2°% inch I.D. lucite cylinder having a Teflon 
and Lucite bridge (1) spanning its center, 
see Fig. 1. 

Aerosol enters the cylindrical chamber 
axially through the precipitation head and 
the stripped air leaves through two exhaust 
ports located behind the central bridge. The 
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precipitation head consists of a sharp edged 
intake port (A) approximately % inch in 
diameter and 2%4 inch in length coaxial 
with which is an annulus (B) containing 
eight Pt-Ir needles (D) equally spaced cir- 
cumferentially around the intake port and 
extending approximately 3/32 inch beyond 
it into the chamber volume. The incoming 
aerosol is sheathed with filtered, dry air 
from annulus B at a matched face velocity 
thus effectively preventing turbulent entry. 

The cross-sectional area of the annulus is 
exactly half that of the intake port to fa- 
cilitate flow adjustments and a series of 
100 mesh screen baffles (C) are included in 
the annulus passage to reduce streaming. 
These baffles also assist in distributing high 
voltage uniformly over the eight needles 
(D) or corona points which are rigidly 
centered in the annulus by means of the 
baffles themselves and a brass collar (E). 
Placing the corona points in this air stream 
tends to keep them dry and also assists in 
shaping the corona discharge. The high 
voltage is introduced through the dry air 
tube (F) and a contact lug (G) which en- 
gages collar E. Exactly one inch below the 
plane of the corona points and coaxial with 
them is a 4% inch grounded disc (H) which 
is supported by the aforementioned bridge. 
Thirty-five millimeter water sensitive film 
moves through a 1/32 inch slot (K) in the 
chamber wall and across the bridge which 
is arched to a seven-inch radius to insure 
good contact between the film and the 
grounded disc. This disc must be cadmium 
plated and the upper surface of the bridge 
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Fig. 2. 
Droplet traces on PVA film. 
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Diagrammatic sketch of Electrostatic Fog Precipitator. 


must be constructed of Teflon to reduce 
sliding friction otherwise jerky film move- 
ment results. 

Charged aerosol droplets accelerated both 
by the air stream and by the potential field 
impinge on the film which is carried out of 
the chamber thru a second 1/32 inch slot 
for storage in the film compartment. The 
air conveying the droplets and the sheath- 
ing air passes over the sides of the bridge 
and out the exhaust ports mentioned above. 
Droplets impinging on the film create per- 
manent spots which upon later sunlamp de- 
velopment followed by reduction in phenyl- 
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hydrazine vapors indicate 
not only the physical size 
of the parent droplet to 
within + 2% but also 
whether it contained dis- 
solved chlorides, see Fig. 2. 
Detailed descriptions of 
this film specially developed 
at USNRDL for this in- 
strument have appeared in 
the current literature®:? and 
therefore will not be given 
here. 

The film compartment 
houses approximately 370 
ft of the water sensitive 
film and feeds it at a closely 
controlled rate through the 
precipitation chamber us- 
ing conventional sprocket 
and roller devices, see Fig. 
3a. In brief, 35 mm film is 
fed from a 10-inch reel (L) 
at the front, over a drag 
sprocket (M), through the 
precipitation chamber (J), 
next through a drying sec- 
tion (N), over the drive 
sprocket (O), and finally 
to a second 10-inch takeup 
reel (P) in the rear (for 
simplicity, guiding and po- 
sitioning rollers have been 
omitted from this descrip- 
tion). 

A screw adjustment 
through the side of the 
precipitator case permits a 
continuous variation of 
film speed from 0.2 to 60 
inches/min, a range which 
was originally thought necessary. A duct 
(N) with a series of ports blowing recycled 
dry air over a nearly two-foot straight run 
of film provides the drying section men- 
tioned above. The third compartment (see 
Fig. 3b) immediately below the film com- 
partment houses a 1/100 HP blower (Q) 
which draws air from the upper section, 
passes it over beds of silica gel (R), and 
returns it to the drying duct (N). The silica 
gel is contained in a single wire unit which 
may easily be removed through the side of 
the precipitator case. One such silica gel 
unit is good for 12 hours of continuous run 


Fig. 4. 
Photograph of Electrostatic Fog Precipitator, 
MK il. 


with approximately one month’s storage in 
the instrument. Also housed in the lower 
compartment are a 1800 rpm, 1/75 HP mo- 
tor (S) driving a Metron variable speed unit 
(T) which in turn is linked to the film drive 
sprocket through suitable reduction gears; 
a 400 eps, 110v to 8 KV transformer (U) ; 
and a potted tripler circuit (V) using se- 
lenium stacks. This tripler produces a maxi- 
mum output of 22.5 KV with the precipita- 
tion chamber load. Screw adjustments 
through the front of the case operate Hoke 
needle valves which control air and exhaust 
line flows. U-tubes on the front of the case 
provide both a means of connecting flow- 
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rators necessary to check flows in the sys- 
tem and a simple leakproof method of dis- 
connecting the gaseous links from the pre- 
cipitation chamber. Dry air flows from 100 
to 4000 cc/min and exhaust air flows from 
300 to 12,000 cu cm/min are possible. Other 
incidental items contained in the lower com- 
partment are the protective exhaust filter 
(W), and necessary gas or electrical fit- 
tings. The entire precipitation unit weighs 
approximately 85 pounds and requires the 
following services: 60 and 400 cps 110 VAC 
power, dry air at 10 psi, and 20 inches of 
vacuum, see Fig. 4. All electrical units in 
the precipitator are remotely controlled. A 
mobile unit weighing approximately 300 
pounds and supplying all necessary services 
and controls has been constructed for use 
in the back of a pickup truck, see Fig. 5. 
This unit has been used for sampling local 
fogs in order to determine instrument per- 
formance under field conditions. 


Capabilities of the Instrument 

‘THE NEWLY designed precipitator was then 
tested in the laboratory using several 

artificial fogs and in the field using natural 

maritime fogs. While the high efficiency of 


Fig. 5. 
Mobile precipitation unit. 
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Fig. 6. 
Effect of precipitation voltage on spot concen- 
tration. (Laboratory Fog, MK II Precipitator). 


electrostatic precipitation is widely ac- 
cepted, the extreme departure of the newly 
developed unit from conventional design 
warranted a detailed analysis of precipita- 
tion efficiency. The unit was first tested with 
an artificial fog tagged with K.CrO, so that 
the amounts of precipitation on surfaces in 
the chamber other than the water sensitive 
film could be rapidly determined by quanti- 
tative chemical analysis. Despite careful hu- 
midity, temperature, and concentration con- 
trols in the fog generating apparatus, the 
variation in chromate content of the fog 
could not be reduced below + 8%. Ata 
precipitation voltage of 12.5 KV, the rela- 
tive collection efficiencies of various sur- 
faces within the precipitation chamber were 
determined to be: 75 + 10% on the film; 
15 + 10% on corona points and associated 
tube walls; remainder on chamber walls. 

With any precipitation voltage above 10 
KV less than 2% of the tagged fog passed 
through the instrument. When run without 
voltage only 7% was deposited on the film 
by inertial impaction and 85% of the tagged 
aerosol passed through the instrument, the 
remainder being deposited on various sur- 
faces other than the film. 

As predicted by theory the precipitation 
efficiency increased with increasing voltage 
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above a threshold of approximately 8 KV; 
however the increase was not as pronounced 
as that reported for more conventional pre- 
cipitators, see Fig. 6. Increased electrical 
turbulence causing greater losses to the 
chamber walls probably accounted for this 
slow increase in efficiency. At precipitation 
voltages much above 15 KV the droplet 
traces on the film showed excessive dis- 
tortion, therefore a precipitation voltage of 
12.5 KV was selected for normal operation. 
Negative corona was used because of the 
reduced arcing tendency. Precipitating volt- 
ages characteristically dropped upon intro- 
duction of fogs into the chamber; however 
this effect was more pronounced at higher 
voltages and at 12.5 KV this drop was less 
than 2%. Small precipitation currents 
(~ 30 » amps) were observed but, as re- 
ported by other observers,’ these currents 
were extremely variable and showed no cor- 
relation with precipitation efficiency. No 
changes in total precipitator efficiency were 
observed for sampling rates varying from 
500 cu cm/min to 4000 cu cm/min; however 
rates below 1000 cu cm/min resulted in non- 
uniform distribution across the film and 
rates greater than 5000 cu cm/min resulted 
in excessive turbulence causing distortion 
of droplet traces and increased wall losses. 
The range of sampling rates for the instru- 
ment was therefore fixed at from 2000 to 
4000 cu cm/min which corresponds to intake 
velocities of from % to ~ 1 knot or roughly 
the same order of magnitude as wind ve- 
locities normally associated with natural 
fogs. The particle mobility equations of 
H. J. White!’® predict an increase of particle 
velocity as the square of the voltage: 
a E, E, 
w 


276 
particle velocity 
particle radius 
the charging field 
E the precipitating field 


where w 


and 8 the viscosity of the gas. 

Using a precipitating voltage of 12.5 KV, 
the velocity of a droplet 1 » in diameter is 
15.3 cm/sec which is the same order of 
magnitude as the face velocity when the in- 
strument is sampling at a rate of 2000 cu 
cm/min. It is therefore suggested that 
droplets below approximately 2 » in diame- 
ter are carried nearly to the film by gaseous 
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the exposed films yielded a 
median size of 130 » for 
all voltages tested with a 
complete absence of spots 
below 80 yw; thus no evi- 
dence of electrical breakup 
of the aerosol was shown 
by the instrument within 
the range tested. The possi- 
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Corrected film calibration curve for Fog Precipitator, MK Il. 


transport and then precipitated out by the 
electric field. Using White’s empirical equa- 
tion for precipitator efficiency: 


LW 
SV 
n= —e 
where n = efficiency 
L = length of the plate 
W = particle velocity 
S = distance from charging 


points to the plate 
and V = gas velocity 

the impaction efficiency should be approxi- 
mately 65% for a droplet 1 » in diameter 
increasing rapidly with increasing size. 
Since the lower limit of the sensitive film 
is in this same size region, efficiencies for 

smaller droplets are of no importance. 
Very careful consideration was also given 
to the possibility of size changes which 
might occur within the precipitation cham- 
ber. The electrical aerosol generator of 
Vonnegut and Neubauer!!:!2 and the postu- 
lation by La Mer'® of certain unstable drop 
sizes in an electric field led to a careful 
investigation of possible droplet break up 
by the precipitating field itself. A fog gen- 
erator was designed to produce single large 
fog droplets ranging from 50 to 150 » in 
diameter and a monitored stream of these 
large droplets was introduced into the elec- 
trostatic precipitator at precipitation volt- 
ages ranging from 0 to 15 KV. Analysis of 
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bility of droplet evapora- 
tion in the chamber due to 
the dry air sheath or other 
causes was investi- 
gated using the Latex 
sphere method. Fog drop- 
lets containing a known 
number of 0.5 » Latex 
spheres per unit volume 
were introduced into the 
precipitation chamber at 
precipitation voltages rang- 
ing from 0 to 15 KV and 
the number of spheres per precipitated 
spot on the film was compared with the 
spot diameter. Thus the volume of the drop- 
let upon entering the chamber could be 
compared with that of the same droplet 
striking the film. This comparison indicated 
a uniform reduction in diameter of 15% 
over all voltages and droplet sizes studied. 
Precipitator collections of these and other 
artificial fogs were analyzed for droplet size 
frequency distribution and showed no pref- 
erential deposition of specific sizes over the 
range studied (0-250 »). No modification of 
individual droplet parameters was observed 
save the uniform reduction in diameters 
reported above. Plots converting spot diam- 
eters appearing on the film to droplet di- 
ameters entering the instrument were there- 
fore prepared, see Fig. 7. 

Film speeds were determined by means 
of a tachometer takeoff extending through 
the side of the precipitator case. The ta- 
chometer was calibrated by measuring the 
time required for known lengths of film to 
pass through the machine at a fixed ta- 
chometer reading, see Fig. 8. The most 
desirable speed for sampling was empiri- 
cally determined by the density of the fog 
sampled and the maximum spot concentra- 
tion on the film which could be conveniently 
counted microscopically (i.e. < 105 spots/sq 
cm). Most of the fogs created in the labora- 
tory were very dense (~ 3 x 104 droplets/ 
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ec) therefore the most convenient film speed 
for a sampling rate of 2000 cu cm/min was 
40 inches/min. Most of the laboratory fogs 
ranged in size from <1 » to ~ 30 » with 
a very large preponderance of small droplets 
which probably accounts for the high con- 
centrations observed. 

Evaluation of the electrostatic precipita- 
tor was continued in the field using a mobile 
unit and fogs naturally occurring in the 
bay area. Electrical arcing along the outer 
surface of the precipitation chamber caused 
some difficulty when the instrument was 
used for prolonged periods. These arcs were 
prevented by coating the outer surface of 
the precipitator with silicon grease. A sec- 
ond simple operational difficulty resulted 
from the accumulation of microscopic 
amounts of salt in the needle valves over 
a period of months; this difficulty was cir- 
cumvented by regular cleaning of these 
valves every six weeks. By far the most 
serious limitation of the instrument was 
its low sampling velocity, (maximum of 1.5 
ft/sec). Isokinetic sampling was possible in 
winds up to approximately one knot, but 
when wind speeds exceeded twice that ve- 
locity pronounced reductions in total col- 
lection were observed. When the instrument 
was not pointed to within 20° of the ob- 
served wind direction, essentially no fog 
sample was collected. A series of test runs 
indicated that the most favorable film 
speeds for naturally occurring fogs were 
one inch/min for very light fogs and four 
inches/min for fogs of medium density. Fog 
droplets usually encountered ranged in size 
from 7 to 75 » with a median usually in the 
neighborhood of 28 », see Table II. 

Collections made of what appeared to be 
clear night air at a position of 200 yd inland 
and 45 ft above the beach showed salt re- 
actions upon later development, thus in- 


TABLE 
FoG PARAMETERS MEASURED ON ESP 
Test RUNS 


Droplet 
Estimated Size 
Visibility Range 
(yds) (4) 


light fog 800 
light fog 800 
medium fog 400 
medium fog 400 
heavy fog 200 


Mean 
Droplet Estimated 
i Concentration 


(droplets/cm*) 


10-66 380 
16-75 
16-46 
1-10 
16-70 


Description 


TACH. TAKE-OFF SPEED (RPM) 


FILM SPEED 


Fig. 8. 
Film speed calibration for Fog Precipitator, 


MK Il. 


dicating the presence of invisible spray 
particles. Detectable salt reactions were also 
obtained from fog droplets collected ap- 
proximately 15 miles inland at an estimated 
1200 ft above the ocean. Although these 
results are interesting it must be empha- 
sized that all collections reported here were 
made in order to evaluate instrument per- 
formance and not as an organized study of 
natural fogs. In summary the electrostatic 
precipitator may be used confidently in the 
field as a device for detecting and recording 
individual fog droplet parameters and their 
variation with time. Its only serious limita- 
tion is its low maximum sampling rate. 


Future Development 
EXPERIENCE with the present instrument 
has shown that it may be simplified and 
lightened in weight to such an extent that 
vaning the instrument into the wind be- 
comes feasible. By redesigning the precipi- 
tation chamber sampling velocity may be 
increased to such an extent that winds as 
high as five knots may be sampled isokineti- 
cally without undue loss of precipitation 
efficiency. A range of fixed film speeds can 
now be specified to cover all usual sampling 
conditions, viz., 0.1, 1, 4, 20, and 40 inches/ 
min. The precipitation voltage may be fixed 
at 12.5 KV with a maximum current of 60 
pa. A new instrument incorporating these 


259 

(READ FILM SPEED SCALE IN TENTHS) } | 
cal 

— 


260 


and other changes is planned at this labora- 
tory. However the instrument in its present 
stage of development is considered a useful 
addition to the family of fog sampling in- 
struments being the only one known to the 
author which produces a permanent time- 
based record of discrete fog droplets and 
which additionally indicates the relative 
chloride content of these droplets. With 
suitable experimentation, the film employed 
by the precipitator may be modified to in- 
dicate other solutes. Techniques for radio- 
autographing individual droplet traces are 
possible with the present film and have been 
previously reported by this laboratory.'4 
Since small particles both wet and dry are 
collected with reasonably high efficiency, the 
instrument may also be useful in the study 
of smogs and other atmospheric phenomena 
of interest. 
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Air Pollution Control Association with the U. S. Department of Health, 
Education and Welfare has published a “Directory of Governmental Air 


Pollution Agencies.” The directory lists the names and addresses of the chief 
administrative officers of the various agencies and information indicating if the 
air pollution control program is full or part-time or a question-answering service. 
Copies of the directory are available from the Robert A. Taft Sanitary Engi- 


neering Center, U. S. Public Health Service, 4676 Columbia Parkway, Cincinnati 
26, Ohio. 


Occupational Skin Problems 


COURSE in occupational skin problems will be given October 28 to November 

1, 1957, by the University of Cincinnati, College of Medicine, Department 
of Preventive Medicine and Industrial Health. Collaborating in the course pre- 
sentation are the Occupational Health Program of the U. S. Public Health Service 
and the Department of Dermatology of the University of Cincinnati. Sessions 
will be devoted to lectures, clinical demonstrations, field instruction and panel 
discussions on such topics as: (1) anatomy, physiology and chemistry of the 
skin; (2) etiology, diagnosis and treatment of occupation dermatoses; (3) specific 
measures for prevention and control of dermatoses; (4) cutaneous cancer; (5) al- 
lergic reaction; and (6) medico-legal problems. Interested physicians may obtain 
application blanks from the Institute of Industrial Health, Kettering Laboratory, 
Eden and Bethesda Avenues, Cincinnati 19, Ohio. 
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Fete of the excreta of workers have 
been used for a number of years for the 
estimation of possible accumulation of plu- 
tonium. The empirical equations which were 
derived by Langham! from the results of 
excreta analyses on humans who were in- 
jected with a soluble plutonium compound, 
serve as a basis for the interpretation of 
these results. However, these equations, des- 
cribe only the excretion of the plutonium 
which reaches the blood stream and thus 
are directly applicable only to the simplest 
possible case. 

In practice, a significant fraction of the 
infrequent accidental exposures result in 
the inhalation of relatively insoluble plu- 
tonium compounds which may be retained 
in the lung for long periods of time. As a 
result of the later transfer of a portion of 
this material to the blood stream the ex- 
cretion curves are distorted and are more 
closely related to the curves expected from 
a chronic administration. 

The following work was undertaken in 
an attempt to interpret the excretion results 
on the basis of a model in which the pluto- 
nium is transferred to the blood stream at 
a given rate over a period of time. The avail- 
ability of such an interpretation would im- 
prove the value of a urine analysis program 
since it would permit estimates of the quan- 
tity of material retained in the lung for 
long periods of time. Although the equa- 
tions are derived particularly for the lung 
case, they should satisfy any condition 
wherein a slightly soluble compound exists 
as a pool in the body with slow transfer to 
the blood stream. 

The most obvious example of such a situ- 
ation, aside from a lung deposition, is the 
case in which plutonium is locally deposited 
in tissue in a wound. 


Work performed under Contract No. W-31-109-Eng-52 
between the Atomic Energy \Commission and General 
Electric Company. ‘ 
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by Urine Analysis 


Theory 


THE clearance of particulate materials from 

the lung and upper respiratory passages 
following inhalation can be categorized by 
three mechanisms: (1) The early and rela- 
tively rapid movement of the particles by 
ciliary action into the esophagus where they 


are swallowed; (2) The later slow move- 
ment of the material deposited deep within 
the lung by much the same process; and 
(3) The movement of the radioactive mater- 
ial from the lung by dissolving and transfer 
to the blood stream. 

A fourth mechanism, movement of the 
particle across the alveoli wall by phagocy- 
tosis is ignored although any radioactive 
material deposited in this manner can still 
be dissolved by body fluids and transferred 
to the blood stream. This would result in the 
same pattern in the blood or urine as the 
third mechanism. 

The relative importance of these three 
mechanisms is undoubtedly dependent upon 
the physical and chemical nature of the 
inhaled aerosol. In most cases the early 
clearance removes a sizeable portion of the 
total quantity deposited. This material then 
is subject to absorption from the GI tract 
with the unabsorbed quantity appearing 
in the feces. 

If the inhaled material is very soluble, 
the quantity remaining in the lung is trans- 
ferred rapidly to the blood stream and is 
deposited in the body in a pattern similar 
to that obtained by other methods of ad- 
ministration. 

If the inhaled material is relatively in- 
soluble, however, a portion may be retained 
in the lung for long periods of time with 
elimination both by ciliary action and by 
solubilization. 

The rate of excretion of plutonium fol- 
lowing an intravenous administration is 
given by Langham! as: 


X = 0.002t-0.4 (1) 
Y = 0.00638t-1-09 (2) 

{mn these equations t is the time in days 
since the plutonium was administered and X 
and Y are the daily rates of excretion in the 
urine and feces respectively, in fraction of 
the administered quantity. These equations 
are valid for the period following about 
0.5 to 1.0 days after administration and 
were derived from data extending to about 
1000 days after administration. It is as- 
sumed that these equations describe the 
rate of excretion of plutonium entering the 
blood stream regardless of the mechanism 
by which it enters. 

The rate of urinary or fecal excretion of 
the plutonium from chronic exposure may 
be estimated from these equations by a 
summation of the individual administra- 
tions. Relatively insoluble quantities of plu- 
tonium in the lung may be regarded as a 
pool of material isolated from the normal 
metabolism of the body but continually 
injecting plutonium into the blood stream 
at a rate dependent upon the character of 
the deposited material and relevant physi- 
ological processes. In this model there is no 
need for the plutonium to be considered as 
in any portion of the lung or body. Thus, 
particles which have been moved from the 
lung to lymph nodes will behave the same 
as particles in the alveoli as long as the 
rate of solution and entry into the blood 
are the same. 

As the plutonium is removed from the 
lung, either by solubilization or ciliary 
action, the size of the metabolic pool, and 
thus the rate at which the plutonium enters 
the blood stream decreases. A constant 
fractional removal per unit time has been 
assumed for the lung burden. Applications 
of a rate given by a power function of the 
time since administration have not ade- 
quately described the experimental data 
available. 

The quantity of plutonium remaining 
in the lung at a time, t, following an acute 
fixation of a quantity, Q,, of an insoluble 
compound is then given by equation (3): 

Q = Qoe*t (3) 
In this equation the over-all rate of elimi- 
nation is taken as A. This rate may be re- 
garded as composed of two components: 
(1) solubilization and transfer to the blood 
stream (As); and (2) ciliary action (Ac). 
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E',*0.002 Qo As f(r. 


TIME SINCE INMALATION (Days) 


Fig. |. 
Urinary excretion — lung transfer. 


TABLE I, 
R 
VALUES OF f ert (R-t)-9-74 dt 
Oo 


\(days-') 


Note that Q, includes only that plutonium 
retained in the lung after the initial clear- 
ance. The rate of transfer of this material 
to the blood stream is then given by: 

a = As (4) 
If the urinary excretion rate resulting from 
each increment of this administration is 
described by equation (1), the total excre- 
tion can be considered as the sum of the 
excretion rates from each of the incremental 
steps. In setting up this equation, the time 
since administration in equation (1) must 
be taken as the time since the material is 
absorbed into the blood stream rather than 
the time of entrance into the lung. If R is 
the time at which analyses are taken follow- 
ing entrance of the material into the lung 
and E,, is the resulting rate of excretion: 


(5) 
E, = 0.002, Q, et (R-t) dt 
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100, 
| | 
| | | 
| 
R 
Days ” ee 0.05 0.02 0.01 0.005 0.002 0.001 
10 3.3 4.8 6.0 6.5 6.7 _ 6.9 
20 2.0 3.9 6.1 71.2 1.7 _ _ 
40 — 2.4 8.6 _ 
50 0.72 — 5.0 7.3 _ 9.8 10 
100 0.22 0.86 3.0 6.0 8.7 1l 12 
200 == 0.27 — 3.6 7.2 11 12 
20 — 
500 0.34 1.3 al 
1000 0.40 1.6 5.5 11 
2000 0.48 — 6.6 
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Equation (5) is not integrable and must be 
solved for individual values of A, R, and t. 
This has been accomplished by expansion 
of the exponential term and solving until 
the series converges. Fig. 1 and Table I 
present the numerical values for certain 
values of A and t. 

Estimates of fecal excretion from this 
source may be obtained from a similar 
derivation with the use of equation (2). 


R-1 
E, = 0.0063 A, Q, ert (Ret)-1.09 


This expression is useful after the initial 
rapid clearing of the upper bronchial tract 
by ciliary action to estimate any continued 
clearance by this route. Note that the limits 


10, 


TIME SINCE INHALATION (DAYS) 


Fig. 3 


Blood retention — lung transfer. 


0 700 
TE SINCE INHALATION (DAYS) 
Fig. 2. 
Feces excretion — lung transfer. 


TABLE II. 


edt (R-t)-1-09 dt 
VALUES OF 


\(days~') 
0.005 0.002 
2.0 


2.4 
2.4 


2.7 


TABLE ITI. 
R-1 
VALUES or f e\t (R-t)-1.3 


\(days-") 
0.005 


1.6 


~ 


| 
a 


of integration do not include the last day 
before sampling since the (R-t)-}-°9 term 
goes to infinity when t=R. Table II and 
Fig. 2 present numerical values of E, for 
certain values of A and t. 

Data for the quantity of plutonium in the 
circulating blood of the human following 
IV administration of plutonium are given 
by Langham.! Wilson? has fitted these data 
to a power function with the result given in 
equation (8): 

= 0.29 (8) 
There is a large uncertainty in this equation 
as the blood content of these individuals was 
followed only over a period of about 30 days. 
Since this lung model provides for move- 
ment of the plutonium into the blood stream, 
however, values for comparison of the meas- 
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10; 
= 
oO. 
At (R-1)7 109 gt oor, 100 7000 
420001 
<T Rass 
—_ 
Days 0.01 0.001 
10 1.6 = 1.4 
20 
30 = 2.1 
50 1.5 2.2 
100 1.1 2.3 
200 0.49 _ 
400 — 
500 0.06 1.8 
1000 ae 1.2 
R 
Days 0.01 4 0.001 
10 2.0 2.1 
20 
50 2.3 ae 3.1 8.2 
100 1.7 2.5 ~— 3.5 
200 0.94 1.9 
400 0.98 _ 
500 2.1 3.1 
1000 1.0 2.2 
2000 1.0 
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ured blood concentration would be of con- 
siderable interest in estimating the rate of 
movement to the blood stream. The esti- 
mated quantity of plutonium in the blood 
from the movement from the lung to the 
blood stream may be derived from con- 
siderations similar to those given for the 
urinary excretion. The equation derived in 
this fashion is given below: 


R-1 
R!,, = 0.29 Q, A, f edt (R-t)-1-3 dt 


Again the results are somewhat distorted 
because the power law does not fit the 
period immediately following administra- 
tion. In equation (9) the last day before 
sampling was ignored. Fig. 3 and Table III 
present the solution to equation (9) for 
application to measured values. 


(9) 


Application 

HESE considerations have been applied to 

several cases of plutonium deposition in 
which the excretion curves deviate from 
those expected for a single administration. 
The urinary data were obtained from sam- 
ples collected immediately before retiring 
and immediately upon arising for two con- 
secutive days. Feces samples consisted of 
a 24-hour collection while a 40 cc sample 
was used for blood analysis. Analyses were 
performed by the electrodeposition-nuclear 
track film technique which has a detection 
limit of about 0.05 d/m of plutonium in 
a 1000 to 2000 milliliter sample of urine.* 

In order to apply the equations, an es- 
timate of the constant A is needed. This 
was obtained by fitting the experimental 
data to the shape of the curve from Fig. 1 
which best describes the maximum and rate 


September, 1957 


of decrease at long times after exposure. 
In many cases, an initially soluble com- 
ponent was apparently present since the 
early portion of the excretion curve indi- 
cated a rapid decrease before either reach- 
ing the rising pattern characteristic of 
the chronic administration or leveling off 
to a relatively constant value. In this case 
equation (1) was applied to the early points 
on the assumption that the contribution 
from the material in the lung was negligi- 
ble at early times. These values were then 
subtracted from the experimental points 
before curve fitting to the lung model was 
attempted. 

Fig. 4 illustrates the data and fit obtained 
to the urinary excretion in one case. Al- 
though the samples have been obtained for 
a period of 1600 days following adminis- 
tration a marked drop in the rate of excre- 
tion is still not apparent. An additional 1000 
to 2000 days of data will be required before 


URINARY EXCRETION RATE (d/m/doy) 


TIME SINCE INMALATION (DAYS) 


Pu239 urinary excretion — lung deposition case. 


TABLE IV. 
Feces Data — CASE I 


Caleulated Excretion (*) 


Initially Soluble 
Portion 


Time Since From Lung 


Exposure 


Measured Ciliary (») 
Excretion Contribution 


Rate of (°) 
Solution 


d/m/day 


to Blood 


days d/m/day d/m/day d/m/day d/m/day 
1 8.2 8.2 16,000 
2 -- 3.8 3.8 1,000 
3 _ 2.5 25 
9 0.74 ~0.7 
15 ~0.2 0.43 0.6 

40 0.24 0.15 0.39 

71 0.27 0.08 0.35 

280 0.28 0.02 030 

291 0.28 0.02 0.30 
(a) from estimates of \ and depositions by analysis of urine curve 
(b) by difference between measured feces and total calculated 
(e) from 4 Q 


d/m/day 


10f 
| 
Fig. 4. 

— 

16,000 11 

1,000 11 

y ll 

5 11 

0.7 ll 

1.4 ll 

3.1 10 
0.7 8.4 
0.6 8.4 
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TABLE V. 
FEcES DATA — CASE II 


Calculated Excretion 


Time Since 
Exposure 


From Lung 
to Blood 


From Initially 
Soluble Portion 


Total 


Estimated 
Rate of 
Solution 


Measured 
Excretion 


Ciliary 
Contribution 


days d/m/day 
1 
4 
464 2.8 
465 2.8 


d/m/day 


d/m/day 


d/m/day d/m/day 


TOTAL EXCRETION 


TRANSFER FROM 
LUNG 


INITIALLY 
SOLUBLE 
PORTION 


URINARY EXCRETION RATE (d/m per day) 


10 100 
TIME SINCE EXPOSURE (DAYS) 


Fig. 5. 


Pu239 urinary excretion — lung deposition case. 


a reasonable estimate of A can be obtained. 

Several feces samples were obtained over 
the first 280-days period. Table IV presents 
the measured quantity in the feces in com- 
parison to the quantity which should be 
present from the initially soluble portion 
and the continuing administration from 
the lung. By difference it is estimated that 
on the order of 10% of the plutonium which 
is eliminated from the lung is transferred 
into the GI tract. On this basis, the value 
of A, in equations (5), (6), and (8) is 
taken as equal to A, the total rate of elimi- 
nation from the lung. 

A second case is illustrated in Fig. 5. 
Again the initially soluble component was 
estimated from the early points on the curve 
and the lung burden estimated from the 
later inflection noted in the curve. The feces 
samples obtained from this individual are 
given in Table V. 

The rate of transfer of ciliary action is 


again estimated to be about 10% of that 
removed to the blood stream after the initial 
period of rapid clearance. 

Two blood samples were obtained on this 
individual at 140 and 220 cays. The com- 
parison between the measured and cal- 
culated values is given in Table VI. 


TABLE VI. 
BLoop Data — CASE II 
From Ini- 


tially Soluble 
Portion 


Time 
Since 
Exposure 


From Lung 
to Blood 


days d/m d/m d/m 
140 2.5 231 211 
220 153 8.7 162 188 

(1) assuming 5000 ml total blood volume 


Measured (') 


Total Values 


It is difficult to draw many conclusions 
from these blood data, other than that a 
relatively satisfactory agreement is ob- 
tained indicating that the movement of 
plutonium to the blood stream is occurring 
at about the rate expected. The rather 
small decrease in blood concentration be- 
tween 140 and 220 days may indicate that 
the value of A used in this case is too great. 

A further comparison between the blood 
analyses and values calculated from the 
body content estimated from the urinary 
excretion curves for two additional cases 
is given in Table VII. 


TABLE VII. 
COMPARISON BETWEEN CALCULATED AND 
MEASURED BLOOD PLUTONIUM CONTENTS 


Calculated 
Values 


Time Since 
Exposure 


Measured 
Values Estimated \ 


days 

Case3 331 
413 

Case 4 872 
955 


Discussion 


ALTHOUGH the proposed model for lung 
transfer requires further refinement, 


265 
236 236 3497 3260 550 
52 52 330 280 550 
0.3 4.1 7.4 4.3 55 
0.3 4.1 11 8.0 55 
100 
| 
8.2 4 0.003 
6.7 <3 
7.7 16 0.003 
6.4 7 
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it indicates a reasonable explanation of the 
data available for plutonium excretion rates. 
Additional work is required to better define 
the early portions of the excretion curve 
and to attempt an explanation of the “ini- 
tially soluble portion” in terms of the rate 
of movement into the body rather than the 
present assumption of immediate transfer. 
Additional data on the blood content fol- 
lowing acute administration would assist in 
assessing the possibilities of determining 
the rate of transfer to the blood stream 
from a metabolic pool. Such a technique 
would be invaluable for estimating the 
rate of turnover as well as indicating the 
presence of slightly soluble material in 
the body. 

The implications of the movement of this 
material to the blood stream and the meas- 
ured turnover time in the lung are of im- 
portance in assessing hazards of exposure. 
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The present data indicate a definite move- 
ment of plutonium from an initial lung 
deposit into the blood following the period 
of initial clearance. The fraction moved 
is not well defined by these data but ad- 
ditional feces and blood samples on these 
and other cases should assist in obtaining 
firm values. In this connection, the value 
of sensitive excreta analyses is indicated 
since the entire analysis given here is 
based on cases in which the body burden 
is only a fraction of the maximum per- 
missible. 
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Use of Membrane Filters in Air Sampling 
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apes efforts to develop a membrane filter, 
also called a molecular filter membrane, 
began in Europe over three decades ago. 
Early investigators!}?:3 working with cellu- 
lose ester gels for the ultra-filtration of 
liquids, found difficulty in obtaining a uni- 
form filter material in the dry state. This 
problem was solved by Goetz* and his co- 
workers in 1950 at the California Institute 
of Technology. Since 1951, hydrosol and 
aerosol membrane filters have been avail- 
able in this country. 

Many authors have described the use of 
hydrosol filters in the bacteriological exami- 
nation of water.®:§ Time and space required 
for certain phases of bacteriological analy- 
sis have been substantially reduced by using 
membrane filters, found to give as precise 
results as are obtained with other tech- 
niques. 

First and Silverman,? and Goetz‘ dis- 
cussed numerous uses and adaptations of 
the membrane filter for environmental 
studies in the field of occupational health. 
In our laboratories we have been using the 
aerosol-type membrane filter since 19538. 
This paper describes some of our experi- 
ences with the membrane filter and points 
out certain of its limitations. 


Properties of Aerosol Filter 

HE AEROSOL-TYPE membrane filter is a dry 

cellulose ester membrane approximately 
150 microns in thickness having 80% to 
85° voids. It is composed of tubular pores 
with smaller diameters at the front or fil- 
tering surface than at the back. The pore 
size of the filter in common use in our 
laboratory averages approximately 0.8 mi- 
cron. Air passing through the filter causes 
a rapid build-up of an electrostatic charge 
which enables the filter to collect particles 
in the 0.1 micron range with close to 100% 
efficiency. High collection efficiencies are 


also obtained for smaller aerosols. The 
membrane filter material has a refractive 
index of about 1.5 and it can be made almost 
transparent with an immersion oil of the 
same refractive index. 

FILTER HOLDER: One disadvantage of the 
membrane filter is its brittleness; it must 
be firmly supported or it will rupture from 
the high resistance to air flow. Different 
supporting materials for the filter are being 
used including a porous carbon plate, a 
sintered glass plate® and a wire screen.? We 
have modified a filter holder originally de- 
signed by the Atomic Energy Commission 
for use with filter paper (Fig. 1). It is 
made of brass with a threaded collar to 
hold the filter firmly in place. A 200-mesh, 
bronze screen held taut by a threaded collar 
in the holder base supports the filter. A 
brass ring is placed over the edge of the 
filter disc and the top of the filter holder 
is screwed down tight onto the ring. The 
holder accommodates a standard 114 inch 
filter disc and provides an effective filtering 
area one inch in diameter. A Schraeder 


Fig. |. 
A brass holder for the membrane filter. 
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connector or straight section of brass tube 
can be used to attach the holder to the 
source of suction. 

SAMPLING CONDITIONS: Sampling rates 
vary from 0.1 to 0.5 cu ft/min depending 
on several factors. These include the type 
and concentration of the contaminant and 
the type of pump or other source of suction 
available. We have used the midget im- 
pinger pump and other pumps. The midget 
impinger pump gives a flow of approxi- 
mately 0.1 cu ft/min at a negative pres- 
sure of 12 inches of water, normally used 
for midget impinger sampling. In our ex- 
perience, the flow resistances of different 
filter discs of the same batch are quite uni- 
form, but we have found that resistances 
vary considerably in different batches. Fre- 
quent calibration of the air flow through 
the filters should be made. If samples are 
collected for extended periods, increased 
resistance to air flow must be taken into 
consideration. In such cases it is best to 
have some type of metering device or con- 
stant flow orifice in the sampling system. 


Dust Analysis—Optical Microscope 
IRECT COUNT: After collecting a sample, 
we place the filters in individual glas- 
sine envelopes for transmittal to the labora- 
tory for analysis. Optical dust counting of 
a sample by the direct method, involves 
merely adding a drop of immersion oil 
(refractive index 1.5) to the filter which is 
placed dust side down on a clean microscope 
slide, and proceeding with a light-field 
count. A blank count of an unused filter 
disc from the same batch of filters must be 
made. Distribution of an opaque chromite 
ore dust throughout the filter is shown in 
Fig. 2. With this relatively good distribu- 
tion, only a portion of the filter need be 
used for counting. 
In the direct count of the membrane filter 
a light dust deposit is necessary. To dem- 
onstrate this, consider the following exam- 
ple. If a dust concentration of five million 
particles per cubic foot is sampled for one 
minute at 0.1 cu ft/min the filter would 
collect 500,000 particles. Assuming 0.25 
mm? for the ocular grid counting area, the 
one-inch diameter membrane filter disc con- 
tains about 2000 counting fields. This short 
sample would give an average of about 250 
particles per field which is too heavy for 
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Fig. 2. 
Distribution of dust on the membrane filter. 


accurate counting. The standard procedure 
for counting dust using a Dunn cell, adopted 
by the American Conference of Govern- 
mental Industrial Hygienists in 1942, sug- 
gests a maximum of 150 particles in a 0.25 
mm? field. The same value applies when 
using the membrane filter. Direct counting 
of the filter is better adapted to short or 
grab samples. Because of this limitation it 
is difficult to compare the impinger count 
and membrane filter direct count on simul- 
taneous samples. 

We have found that small particles of 
quartz dust with refractive index of 1.54 
and diatomite dust with refractive indices 
of 1.43 and 1.48 will not all be counted be- 
cause these refractive indices are so close 
to 1.5 that the dust becomes transparent. 
Illumination of the top of the filter without 
oil does not solve the problem since many 
of the small particles are lodged in the pores 
of the filter. We have tried staining the 
immersion oil with an organic dye to bring 
out the smaller particles but our experience 
with this technique has not been very en- 
couraging. 

DUNN CELL COUNTING: If the refractive 
index of the dust is too near 1.5, or if the 
dust deposit is too heavy, the filter can be 
dissolved in dust free acetone or cellosolve 
obtained by redistilling the solvents. The 
count may then be made in a Dunn cell 
following the usual light-field technique. 
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Blank counts of filter discs from the same 
batch are necessary. Comparison counts 
were made by three observers on samples 
of opaque dust taken simultaneously with 
a membrane filter and midget impinger. 
The direct count values of the membrane 
filter were made on a short sample taken 
at the mid-point of the other samples. The 
results, shown in Table I, indicate a good 
agreement between the methods of counting 
as well as among observers. 


TABLE I. 
Dust COUNTS BY DIFFERENT METHODS AND OB- 
SERVERS IN MILLIONS OF PARTICLES PER CUBIC 


Foot oF AIR 
Observer Impinger Direct Count Cellosolve 
A 4.0 3.3 4.3 
B 4.6 3.4 4.2 
Cc 3.1 3.7 3.9 


PERMANENT RECORD OF SAMPLE: Another 
technique developed in our laboratory gives 
a permanent record of a dust sample. A cell 
is prepared by fastening a clean membrane 
filter disc to a microscope slide with a note- 
book reinforcement ring.!® An aliquot, 0.01 
ml, of a suspension of dust, obtained by 
dissolving a membrane filter sample in ace- 
tone, is placed in the center of the reinforce- 
ment ring cell. The acetone evaporates 
within seconds leaving a transparent film 
holding the dust in random distribution 
throughout the cell. This technique ap- 
parently had good possibilities but blank 
counts on unused filters were found to be 
quite high and variable; so further investi- 
gation on this project has been temporarily 
suspended. 

PARTICLE SIZE: The membrane filter is 
especially adaptable to the determination of 
particle size by the optical microscope be- 
cause the particles are collected and sized 
as they originally appeared in the air. The 
membrane filter is placed dust side down on 
a microscope slide and immersion oil is 
added. The oil immersion (97X) objective 
can be positioned in the oil. For sizing we 
use a Porton Graticule in a 15X ocular 
which yields results comparable with the 
filar micrometer. 

The refractive index of the dust to be 
sized must be considered as in counting. We 
found that less difficulty is encountered with 
this problem when high magnification is 
used. With different depths of penetration 
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of the dust into the membrane filter the 
focus of the microscope must be varied to 
find and size all the particles. We have had 
difficulty when sizing a heavy sample with 
relatively large particles in that the im- 
mersion oil tends to cause the particles to 
migrate to the periphery of the oil drop. 
In this manner the large particles are usu- 
ally assembled at one part of the slide and 
the size determination is biased. To prevent 
this we are now experimenting with the 
use of a cellulose base cement* instead of 
immersion oil. The dust-free cement is ap- 
plied to the filter, placed dust side up on 
a microscope slide. A cover slip is then 
pressed down tightly on the filter to form 
a permanent slide. Sizing may be done at 
any time using immersion oil on the cover 
slip. 


Particle Size with Electron Microscope 

HE MEMBRANE filter with its high col- 

lection efficiency for small particles 
would appear to be an ideal medium for 
the collection of air samples for electron 
microscopy. The filter being soluble in cer- 
tain organic solvents, makes it possible to 
remove the filter from the collected sample 
rather than removing the sample from the 
filter. Several techniques have been sug- 
gested for the preparation of membrane 
filter samples for electron microscopy. First 
and Silverman’ suggested floating the filter 
face up on the surface of acetone. The filter 
slowly dissolves until only a thin film re- 
mains. This film is supported on a 14-inch 
diameter, 200 mesh screen and is ready for 
observation in the electron microscope. Al- 
though quite simple, this technique is ex- 
tremely delicate, the timing is critical and 
the dissolution of the filter must be stopped 
at the instant before the film completely 
disintegrates. 

Kalmus" used a substrate of Formvar® 
to coat the 200 mesh grid. This material is 
insoluble in acetone while the cellulose es- 
ters of the filter are quite soluble. The 
Formvar coated grid is placed on a piece of 
filter paper in a petri dish. A small square 
of membrane filter is placed dust side down 
on top of the grid. A few drops of acetone 
are applied to the filter to wet the strip 
and also the membrane square. More ace- 


*DuPont’s Duco Cement was used and found satis- 
factory. Other cements of this type were not tested. 
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tone is added and the dish is covered. The 
filter in contact with the saturated paper 
strip and bathed in a saturated vapor of 
acetone, is completely dissolved after an 
eight-hour period. After drying the Form- 
var film in a vacuum and sterilizing it under 
ultraviolet light, the specimen is ready for 
examination in the electron microscope. Ac- 
cording to Kalmus it is possible to shadow 
the specimen with a metal to increase con- 
trast and visibility of the smallest particles. 
We have found that the particles usually 
retain a film of gelatinous filter material 
and the shadows while clear are not usually 
representative. 

We have worked out a method!? which 
is similar to that of Kalmus but consider- 
ably faster. Ethyl acetate is used as a sol- 
vent instead of acetone. The membrane 
filter sample is placed dust side up on an 
electron microscope grid coated with Form- 
var which rests on a coarser 20-mesh stain- 
less steel screen. The screen is placed in 
the top row of a three-row spot testing 
plate. Ethyl acetate is added to the depres- 
sion in the spot plate until the liquid barely 
wets the membrane filter fragment. The 
spot plate is then covered with a flat piece 
of glass. After 10 minutes, the stainless 
steel screen supporting the electron micro- 
scope grid and filter residue is transferred 
to a clean depression in the spot plate and 
fresh ethyl acetate added. This washing is 
repeated after 10 minutes with a final ethyl 
acetate wash of five minutes. Finally, the 
stainless steel screens are removed with 
tweezers and placed on a clean filtér paper 
to absorb the excess ethyl acetate. After 
drying either in a partly covered petri dish 
or in an oven at about 85° C, the specimens 
are ready for observation in the electron 
microscope. It has been found that if the 
washing period is insufficient, a background 
of undissolved filter will remain on the 
Formvar, while if the wash period is too 
long, the film will be partially dissolved. 
The exact timing of the solution period 
must be ascertained by experiment and 
may vary from sample to sample. However, 
it is a relatively simple and quick means of 
producing acceptable pictures of airborne 
dust particles. This method has been used 
to examine particles of cobalt fume, vana- 
dium oxide, granite, uranium oxides, fluo- 
rides, diatomite, and other materials. 
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Chemical Analysis 


Us of the membrane filter to collect sam- 
ples for chemical analysis can simplify 
the analytical techniques required. The re- 
sistance of the filter to strong acids and 
bases makes it possible to leach the sample 
with strong reagents without disintegra- 
tion of the filter. The solution of the sample 
can be decanted from the filter and a tedi- 
ous filtration or ashing step eliminated. 

Cobalt fume has been collected in our 
laboratory on the membrane filter and re- 
covered in solution by wetting the filter in 
a test tube with about 50% HCl and then 
adding a few drops of HNOs. The solution 
was then made up to volume in a volumetric 
flask with the subsequent washings from 
the filter. An aliquot of this solution was 
treated with nitroso-R-salt reagent and the 
color was read in a spectrophotometer. 

Airborne vanadium pentoxide dust was 
also collected in this way and dissolved from 
the filter with 10% NaOH. When the solu- 
tion was decanted from the filter, the vana- 
dium was readily determined colorimetri- 
cally. 

The resistance of the membrane filter to 
strong hydrofluoric acid is the basis of a 
simplified method for the determination of 
silica in air-borne dusts.!* The silica is dis- 
solved from the filter with hydrofluoric acid 
and the resulting solution analyzed colori- 
metrically for silica. 


X-Ray Diffraction and Spectrographic Analysis 
MODERN spectrometer types of x-ray dif- 


fraction and spectrographic instru- 
ments require a flat sample which the mem- 
brane filter provides. In our laboratories 
the filter is clamped by the edges in a 
sandwich-type holder. A completely non- 
destructive determination of the crystalline 
compounds and major elements present in 
the sample is possible with one-third the 
background obtained with samples smeared 
onto miscroscope slides. Full-scale recorder 
response of the diffraction lines of quartz, 
cristobalite and tridymite can be obtained 
with less than 1 mg on the filter. Fig. 3 
shows the recording of the principal dif- 
fraction line of quartz and cristobalite. 
Sensitivity to a few micrograms of the 
major elements of a sample is possible by 
the x-ray spectrographic technique when 
the sample is evenly distributed over the 
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Fig. 3. 
Intensity of principal x-ray diffraction lines of 
quartz and cristobalite given by one milligram 
of each on a membrane filter. 
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Fig. 4. 
Intensity of principal fluorescent wavelengths 
of cobalt given by 180 micrograms on a mem- 
brane filter. 


surface of a membrane filter. A portion of 
the x-ray fluorescence spectrum of a sam- 
ple collected on a membrane filter is shown 
in Fig. 4. 


Size Analysis by Photometric-Sedimentation 
URKE!‘ has shown the utility of the mem- 
brane filter in sampling dust for particle 
size analysis by the sedimentation method. 
Size analysis can be carried below 0.5 mi- 
cron with an improved instrument designed 
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in our laboratory.!> The membrane filter is 
dissolved in cellosolve and the size analysis 
obtained by following the sedimentation of 


the resulting suspension with a recording 
photometer. 


Reflectance Photometry 


PARTICULATE matter deposits more uni- 
formly on the membrane filter than on 
filter paper. Since most of the particles are 
at the surface and because of higher initial 
reflectance, the membrane filter gives a 
higher sensitivity than filter paper, whether 
the concentration of the contaminant is 
determined by visual comparison with a 
series of standard stains (Fig. 5) or by 
reflectance photometry. Fig. 6 shows the 
difference in reflectance readings of filter 
paper and membrane filter samples of vana- 
dium pentoxide dust. The membrane filter 
curve shows much less scatter of points and 
consequently is the more reliable. 
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Fig. 5. 
Visual comparison of cobalt fume samples. 


MEMBRANE FILTER 


PAPER FILTER 


REFLECTOMETER READING 


0.4 
V on Filter, mg. 
Fig. 6. 
Reflectance readings of vanadium pentoxide 
dust on filter paper and membrane filter. 
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One detracting feature of the membrane 
filter when used in this way for dust deter- 
mination is its high efficiency for smoke 
and fume particles. A small amount of 
smoke may prevent accurate interpretation 
of the dust stain. 


Metallic Constituents 


IGHLY sensitive spectrographic analyses 

of samples collected on membrane filters 
should be preceded by a determination of 
the metallic constituents present in the filter 
material. The tacit assumption that these 
filters are mineral free is one which is un- 
tenable on the basis of spectrographic anal- 
ysis of three types of membrane filters. 

We have analyzed, spectrographically, fil- 
ters of the following types: (1) type AA, 
white, plain; (2) type AA, black, plain; 
and (3) type AA, white, grid (ink ruled). 
Sets of five or 10 filters were wet ashed 
with concentrated nitric acid which had 
been redistilled in an all-glass still. The ash 
was dissolved in 0.5 ml of redistilled hydro- 
chloric acid and double distilled water. The 
solutions were analyzed by a spectrographic 
procedure described elsewhere.!® Semi- 
quantitative estimations of the constituents 
were made by a visual comparison of sample 
and standard spectra in a spectrum com- 
parator except where otherwise indicated. 
These results are presented in Table II. 

It is apparent that certain filter constit- 


TABLE II. 
SEMI-QUANTITATIVE SPECTROGRAPHIC ANALYSES 
OF MEMBRANE FILTERS 
(Expressed as Micrograms per Filter) 

AA, AA, AA, 


Filter type White, Plain White,Grid Black, Plain 
Diameter, mm 32 


Element 


* Quantitative Spectrographic Method 
Diphenylearbazide Method 
tt None Detected 
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uents occur in concentrations which should 
be evaluated before using a given type of 
filter for atmospheric sampling and subse- 
quently for spectrographic analysis. Sam- 
pling at the threshold limit level for lead 
(0.15 mg. Pb/m*) at a rate of 0.1 cu ft/min 
for 10 to 30 minutes would result in the 
collection of four to 12 micrograms of this 
element. These amounts would be difficult 
to determine in a matrix whose lead blank 
is as high as those reported for the grid 
and the black filters. For the same reason, 
the grid type of filter does not appear suit- 
able for collecting chromate dust at con- 
centrations in the threshold limit region 
(0.1 mg CrO;/m*). 

For general sampling of toxic dusts and 
fumes, the plain white filter appears to be 
most desirable from the standpoint of a 
minimum of heavy metal contamination. 


Summary 


TH AEROSOL type membrane filter with its 

high collection efficiency for very small 
particles has proven to be very useful in 
environmental studies of particulates. Use 
of the membrane filter for the collection 
and quantification of dust has the added 
advantage of simplicity over some of the 
methods used in the past. Light dust de- 
posits may be counted directly on the filter 
whereas heavy deposits require the solution 
of the filter in a suitable solvent followed 
by standard dust counting procedures. Par- 
ticle size of dust collected by this medium 
has been studied by the optical microscope, 
the electron microscope and by photometric 
sedimentation. With the optical microscope 
a limitation of the filter with respect to the 
refractive index of the dust must be recog- 
nized. 

An accurate and rapid method for the 
transfer of dust from the membrane filter 
to an electron microscope grid allows one 
to take full advantage of the high collection 
efficiency of the membrane filter for very 
small particles. Removal of microquantities 
of toxic dusts and fumes from the filters by 
simple procedures has aided chemical anal- 
ysis of cobalt fume, vanadium pentoxide 
and free silica. Blank determinations of 
metal constituents present in the filter may 
be necessary in view of spectrographic anal- 
ysis of three types of aerosol filters. Studies 
of dust concentration by reflectance pho- 
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tometry demonstrate the advantage of the 
membrane filters over filter paper in this 
application. 
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Symposia on Industrial Health Problems 


FULL-DAY session on major industrial health problems will be held on Novem- 
ber 14, 1957, during the Annual Meeting of the American Public Health 


Association. The symposia will be co-sponsored by the Occupational 


Health 


Section of the American Public Health Association, the Industrial Medical As- 
sociation, and the American Industrial Hygiene Association. Attention will be 
focused on the extent of knowledge on several outstanding industrial health 
problems, their importance in magnitude and scope, and what needs to be done 
to promote further progress in their control. Recognized authorities will par- 
ticipate in symposia on (1) Problems Resulting from the Use of Habituating 
Drugs in Industry, and (2) Status of the Pneumoconioses. Other programs of 
interest to occupational health personnel, such as air pollution, radiation pro- 
tection, and impact of health services on workers and their families, will also 
be included at the Annual Meeting of the American Public Health Association, 


to be held in Cleveland, November 11-15, 1957. 


The complete program for the 


Annual Meeting will be found in the September issue of the Journal of the 


American Public Health Association. 


FILTERING RECORDERS 


HOPEWELL JUNCTION, NEW YORK 


CONTINUOUS GAS SAMPLERS 


Pat. U. $. and Abroad 


EXHAUST — 


SMOKE METERS 


For testing and adjusting internal combustion engines, oil burners, incinerators, furnaces 
etc. Tape speeds up to 4”/sec. See Encyclopedia of Instr. for Indust. Hygiene and SAE 
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HYGIENIC GUIDE SERIES 


PENTACHLOROPHENOL AND SODIUM PENTACHLOROPHENATE 


I. Hygienic Standards 

A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): 0.5 milli- 
grams per cubic meter of air (mg/m*).! 

(1) Basis for Recommendation: Tox- 
icologic observations on ani- 
mals.?:3-4 

B. SEVERITY OF HAZARDS: 

(1) Moderate oral toricity.2> Dust is 
irritating to mucous membrane of 
eyes, nose and throat. Concentra- 
tions of 0.3 mg/m® cause irrita- 
tion of the nose of unacclimated 
persons. It may cause derma- 
titis with prolonged or repeated 
contact with the skin. It can 
be absorbed through the skin.* 
Fatalities have occurred abroad 
in lumber dipping operations 
from prolonged contact to the 
hands and forearms to a 3% solu- 
tion of pentachlorophenol (80° ) 
and sodium tetrachlorophenate 
(20% 

C. SHORT EXPOSURE TOLERANCE: Inhala- 
tion — unknown. Rapidly absorbed through 
the skin. Prolonged skin contact with solid 
material] or solutions can produce irritation. 
Dust may cause violent sneezing and 
coughing. 

D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Unknown, but 
that causing respiratory irritation not be- 
lieved immediately hazardous. 


Il. Significant Properties 
Pentachlorophenol : 
White crystalline solid. 
Chemical formula: C,Cl,OH 
Molecular weight: 266.35 
Specific gravity: 1.978 
Melting point: 191°C 
Boiling point: 


310°C (decomp. ) 
Vapor pressure: 


0.00011 mm Hg 
(20°C) 


Solubility: 14 ppm in water 
at 20°C; 85 ppm 
at 70°C. Soluble in 
alcohol and ether. 

At 25°C and 


760 mm Hg, 
1 ppm of vapor: 0.01088 mg/liter 
1 mg/liter: 91.9 ppm 


lll. Industrial Hygiene Practice 

A. RECOGNITION: May be used for mold 
control on lumber, termite control, and as 
a herbicide (usually as a 5% oil solution of 
the free phenol or a 5% solution of the 
sodium salt in water). Much more dilute 
solutions are used for slime and algae con- 
trol, and as a preservative for paint, tex- 
tiles, pulp and paper. These uses do not 
present a serious problem. 

B. EVALUATION OF EXPOSURE: Dust and 
fumes may be collected on a glass fiber 
filter paper or electrostatic precipitator and 
oxidized by fuming nitric acid to form the 
reddish-yellow ortho and para tetrachlor 
quinones.® This method has been suggested 
for urinary determinations. 

C. RECOMMENDED CONTROL PROCEDURES: 
Enclose and/or exhaust ventilate, to main- 
tain workroom atmospheric concentrations 
below 0.5 mg/m*. Air pollution aspects may 
require scrubbing of effluent ventilation. 
Goggles and synthetic rubber protective 
clothing are indicated where splashing can 
occur. If skin contact occurs, wash with 
lukewarm water and soap, and change 
clothes if needed. For frequently repeated 
operations involving appreciable skin con- 
tact, a bath and clean clothing at the end 
of each shift is advised. 


IV. Specific Procedures 

A. First AID: Thorough washing of all 
affected parts with copious amounts of wa- 
ter (irrigate eyes for at least 15 minutes). 
If swallowed, attempt to induce vomiting 
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by administering large amounts of luke- 
warm water and call a physician. 

B. SPECIAL MEDICAL PROCEDURES: Penta- 
chlorophenol is a metabolic stimulant. Gen- 
eral illness accompanied by excessive sweat- 
ing are symptoms of acute intoxication. 
Supportive therapy with cool compresses 
(or immersion in cool water) may be in- 
dicated. 

NOTE: Elmer P. Wheeler (Monsanto 
Chemical Company) and V. K. Rowe (Dow 
Chemical Company) assisted the Hygienic 
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Guides Committee in the preparation of 
this Guide. 


V. Literature References 
1. American Conference of Governmental Industrial 
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2. DEICHMAN, W., et al: J. Pharm., 76:104-117, 1942. 
3. Kenog, R. A., et al: J. Ind. Hyg. & Toz., 21:160- 
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4. MACHLE, W., et «cl: J. Ind. Hyg. & Tox., 25:192- 
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5. TRUHAUT, R., et al: Arch. Maladies Profess., 13: 
561-70, 1952. 

6. DeicHMAN, W., and ScHAFEerR, L. J.: Ind. Eng. 
Chem. Anal. Ed., 14:310-312, 1942. 


HYDROGEN PEROXIDE (90%) 


I. Hygienic Standards 

A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): one part per 
million of vapor, or mist, per million parts 
of air, by volume (ppm).! Further indus- 
trial experience is needed to confirm this 
value. 

(1) Basis for Recommendation: Tox- 

icologic observations on animals. 

B. SEVERITY OF HAZARDS: 

(1) Health: Inhalation, moderate; 

skin and eye contact with liquid, 
severe. Will produce lung irrita- 
tion in animals with prolonged 
exposure with concentrations of 
7 ppm.* Skin becomes thickened; 
bleaching and loss of hair occurs. 
Skin or eye contact with liquid 
will produce tissue destruction. 
The eyes do not appear to be 
damaged from exposure to the 
vapor. 
Fire: None, if kept out of contact 
with combustible material. Can 
ignite nearby flammable mate- 
rial. Most wooden flooring, rags, 
and clothing are rapidly ignited. 
No explosion hazard, unless con- 
taminated with combustible mat- 
ter. Storage should be in vented 
containers to release gases and 
prevent rupture.* 

C. SHORT EXPOSURE TOLERANCE: Un- 
known for man, but probably 75 ppm. A 
single four-hour exposure to this concentra- 
tion was tolerated by mice; higher concen- 
trations produced delayed deaths.° 

D. ATMOSPHERIC CONCENTRATIONS IMME- 
DIATELY HAZARDOUS TO LIFE: Unknown, but 


(3) 


concentrations in excess of 1000 ppm would 
probably be lethal after a few minutes.® 


Il. Significant Properties 
Hydrogen peroxide (90°), the present 
standard commercial concentration, is a 
liquid at room temperature, producing sharp 
respiratory irritation, but essentially odor- 
less. 
Chemical formula: 
Molecular weight: 
Specific gravity: 
Boiling point 
(calc) : 
Relative vapor 
density: 
Vapor pressure 
(total) : 
Solubility : 


34 
1.3892 (20°C/4°C) 


140°C 


Lie (air 2) 
5mm Hg at 20°C 
Miscible with water, 
alcohol, acetone, and 
many organic sol- 
vents. 
Odor threshold: None 
Irritation threshold 
(approx.) : 
At 25°C and 
760 mm Hg, 
1 ppm of vapor: 
1 mg/liter of 
vapor: 


100 ppm 


0.0013 mg liter 
720 ppm 


Ill. Industrial Hygiene Practice 

A. RECOGNITION: Recognized only by ir- 
ritant effects, especially in nasal passages. 
Used in high energy fuels, as an organic 


oxidant bleaching agent, and in pharma- 
ceutical preparations (lesser concentra- 
tions). 


B. EVALUATION OF EXPOSURES: 


(1) Instrumentation: None available. 

(2) Chemical: The titanium sulfate 
method is satisfactory for deter- 
mining air concentrations.* 

C. RECOMMENDED CONTROL PROCEDURES: 
Special procedures are required for storage 
and handling of 90°. hydrogen peroxide. 
These details? should be completely under- 
stood prior to use. Workmen should wear 
protective clothing. Garments, both outer 
and inner, made of woven Dacron fabric 
are eminently suitable; Dynel or Saran 
fabrics are also usable. Impermeable aprons 
and the like may be made of polyvinyl 
chloride or polyethylene film. Gloves and 
boots should be made of either nitrile rub- 
ber (Butaprene, Chemigum, Hycar, Krynac, 
Paracril), vinyl resin, or Neoprene. Goggles 
should be worn at all times when handling 
concentrated hydrogen peroxide. In case of 
spillage, immediately flush with water. If 
used in time, this will prevent any vigorous 
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reaction and it is also the best extinguishing 
agent for fires resulting from spillage. 
Maintain workroom atmospheres below 1 
ppm. 


IV. Specific Procedures 


A. FIRST AID: For eye and skin burns, 
flush with water for 10-15 minutes. Remove 
contaminated clothing immediately and soak 
in water. If nose and throat irritation have 
occurred, remove individual from exposure 
for a day or two. 

B. SPECIAL MEDICAL PROCEDURES: None. 


V. Literature References 


1. American Conference of Governmental Industrial 
Hygienists: AMA Arch. Ind. Health, 14:186, 1956. 

2. Beeco Chemical Division, Food Machinery and 
Chemical Corp.: Bulletins #3 and 3746. Buffalo, N. Y. 

3. Operst, F. W., et al: AMA Arch. Ind. Hyg. & Occ. 
Med., 10:319, 1954. 

4. SHANLEY, E. S., and GREENSPAN, F. P.: Ind. Eng. 
Chem., 39:1536, 1947. 

5. SvirBeELy, J. L. (U. S. Public Health Service, Cin- 
cinnati, O.) : Unpublished results. 


SILICA (FREE SILICA, SILICON DIOXIDE)* 


I. Hygienic Standards 

A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): for siliceous 
dusts, based upon free crystalline, silica 
content :? 


MPPCF** 
High silica (above 50% ) 5 
Medium silica (5 to 50%) 20 
Low silica (below 5% ) 50 


1) Basis for Recommendation: Ani- 
mal experimentation and indus- 
trial experience. 

B. SEVERITY OF HAZARDS: 

(1) Heaith: Nil, for acute; high, for 
chronic exposures. Inhalation of 
extreme concentrations of parti- 
cles of one micron or less may 
lead to a diffuse, fulminating 
juny fibrosis in a few months.? 
Development of the usual chronic 
type of silicosis takes many 
months or years. Effects of re- 
peated inhalations of silica dusts 
are cumulative and progressive. 
The different crystalline forms 


This Guide does not apply to the newer submicroscopic, 
aily « Maidal silicas. 
** Millions of particles (five microns or less in diameter) 
‘ bie fe f standard light field counting 
se 


produce varying responses, in 
animals, with tridymite and cris- 
tobalite more severe than quartz. 
Disease is characterized by an 
initial generalized linear or peri- 
vascular increase in pulmonary 
density, progressing to small nod- 
ules diffusely scattered through- 
out the lung fields. As exposure 
continues, these nodules attain 
sufficient size to interfere with 
normal pulmonary function. 
Dyspnea and emphysema are 
characteristic of the more ad- 
vanced stages. Silicosis seldom, 
if ever, produces death. However, 
common complications are tuber- 
culosis, chronic bronchitis, and 
other bacterial infections. 
(2) Fire: Non-flammable. 
C. SHORT EXPOSURE TOLERANCE: Not ap- 
plicable. 
D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Does not 
apply. 


Il. Significant Properties 
Formula: Si 0, 
Molecular weight: 601 
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Specific gravity: 
Crystalline: 
Amorphous: 


2.66 
1.9 to 2.3 


lll. Industrial Hygiene Practice 
A. RECOGNITION: Widely occurs in sand 
and granite. Associated with the pottery 
and foundry industries, and with the min- 
ing of coal, metals, clay, etc. May occur 
naturally in one of several crystalline forms 
(most common in quartz) or as an amor- 
phic variety. Visual observation of dustiness 
cannot be used as a criterion for evaluation 
of dust hazard. 
B. EVALUATION OF EXPOSURES: 
(1) Instrumentation: None. 
(2) Chemical or other methods: Sam- 
ples collected using a Greenburg- 
Smith or Bureau of Mines im- 
pinger and counted under a mi- 
croscope, using the standard light 
field technique.*’:* Particle size 
of the dust determined by direct 
measurement in the counting 
chamber or by elutriation. The 
Cascade impactor and _ electron 
microscopy are also useful in 
evaluating properties of the dust. 
Determination of the silicon di- 
oxide (free silica) content of 
separately collected dust (high- 
volume sampler, filter type sam- 
pler, electrostatic precipitator, 
settled dust) can be deter- 
mined by petrographic analysis, 
x-ray diffraction, or chemical 
means.°*:4 5,8,12,13 
C. RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmosphere below the 
recommended maximum atmospheric con- 
centration by process enclosure, ventilation, 
and substitution of wet processes for dry 
processes. 


IV. Specific Procedures 
A. FIRST AID: Does not apply. 
B. SPECIAL MEDICAL PROCEDURES: 

(1) Preplacement examinations: Full- 
size chest x-rays on all personnel 
prior to job assignment. Employ- 
ment at any job with a potential 
silicosis risk should be denied any 
person with evidence of tuber- 
culosis, either active or arrested, 

except that a calcified Ghon com- 


plex should not disqualify. Per- 
sonnel with diseases or anatomi- 
cal abnormalities affecting pul- 
monary ventilation should not be 
exposed to free silica dust. 

(2) Periodic examinations: Periodic 
chest x-rays on all potentially ex- 
posed personnel. The frequency 
should be determined by the se- 
verity of the exposure, with once 
a year the most usual. The dis- 
covery of tuberculosis or other 
lung disease at a periodic exam- 
ination is cause for immediate 
withdrawal from exposure. In- 
dividuals with silicosis, compli- 
cated with other lung disease, 
should be removed from silica ex- 
posure. The existence of early or 
simple silicosis is not necessarily 
reason for withdrawal, but if ex- 
posure is continued, it can be 
done only under close medical su- 
pervision and with non-hazardous 
dust concentrations. 

(3) Treatment:'-11 No specific treat- 
ment. Proper medical manage- 
ment is of utmost importance, and 
should include evaluation of dis- 
ability and management of com- 
plications. Once silicosis has been 
diagnosed, routine medical ex- 
aminations should be performed 
for as long as the exposure con- 
tinues. Aluminum dust and alu- 
minum hydroxide gel® have been 
suggested for both therapy and 
prophylaxis, but the benefits for 
either have not yet 
lished. 


been estab- 
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I. Hygienic Standards 
A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): one milli- 
gram per cubic meter of air (mg/cu*).! 
(1) Basis for Recommendation: Hu- 
man experience in industry.” 

B. SEVERITY OF HAZARDS: 

(1) Health: Moderate, for acute ex- 
posure ; low, for chronic. Vapors 
of, solutions below 98.3% concen- 
tration (constant boiling mixture 
with water) and 100°C are of no 
hygienic significance because of 
low vapor pressure. Processes in- 
volving mechanical agitation 
produce mists (liquid droplets) 
with particle sizes generally 
greater than 10, while rapid con- 
densation of vapors from boiling 
solution form particles of ly or 
less (sometimes referred to as 
sulfuric acid fume). Electrolytic 
processes, using dilute solutions 
may produce mist particulates as 
small as 1p, or less. Maximum 
toxicity with guinea pigs occurs 
with particle sizes of 2.7y.+7 
Burns to skin and eyes are seri- 
ous hazards. Dermatitis may oc- 
cur, even from dilute solutions. 
Fuming sulfuric acid, because of 
higher vapor pressure and release 
of sulfur trioxide is intensely ir- 
ritating to the respiratory tract. 
(2) Fire: None. 

C. SHORT EXPOSURE TOLERANCE: 18 
mg/m* in the form of lp» diameter droplets 
killed 50% of exposed guinea pigs in eight 
hours,*? while more than 500 mg/m*® were 
required for mice. 5 mg/m®, in the form of 
lu droplets, can be tolerated by humans for 
five minutes without permanent damage. 

D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Unknown. 


Il. Significant Properties 
Concentrated sulfuric acid (often re- 
ferred to as “oil of vitriol’) is a colorless, 


SULFURIC ACID 
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perts on Pneumoconiosis, Sydney, Australia, 1950: AMA 
Arch. Ind. Health & Occ. Med., 9:249, 1954 (Abstract). 
12. SALazar, A., and SILVERMAN, L.: J. Ind. Hyg. & 
Tox., 25:139, 1943. 
18. Tatvitie, N. A.: Anal. Chem., 23:623, 1951. 


oily liquid but dilute solutions resemble 
water in appearance. Fuming acid (often 
referred to as “oleum’”’) is an oily, yellow 
liquid giving off SO., at room temperatures. 
The following properties apply to the con- 
centrated acid: 

Chemical formula: H.SO, 

Molecular weight: 98 

Specific gravity: 1.834 (20°C/4°C) 

Boiling point: 330°C (98.3% acid) 

Relative vapor 


Vapor pressure: 1mm at 145.8°C 
Solubility : Miscible with water 
in all proportions 
and with miscella- 
neous organic sol- 
vents. 

At 25°C and 

760 mm Hg, 


1 ppm of vapor: 0.00401 mg/liter 
1 mg/liter of 
vapor: 

Odor threshold: 


250 ppm 
1 mg/m® for most 
individuals- 


Il. Industrial Hygiene Practice 

A. RECOGNITION: More important uses 
are fertilizer manufacturing, metal clean- 
ing, coke oven gas neutralization, chemical, 
plastics, and explosive manufacturing, and 
petroleum refining. Mist is usual atmos- 
pheric exposure. Spills, splashes, and acid 
mist affect exposed hands, arms, eyes, etc. 

B. EVALUATION OF EXPOSURE: 

(1) Instrumentation: Collection on a 
millipore filter and determination 
of electrical conductivity of filter 
washings.® Other electrolytes in- 
terfere. 

(2) Chemical: Collection in standard 
or midget impingers, or on milli- 
pore filter, and titration with 
standard base, taking care to ex- 
clude CO® from air. If other acids 
or bases interfere, sulfate ion 
may be precipitated with barium 
chloride and determined gravi- 
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metrically, nephelometrically, or 
by titration, using tetrahydroxy- 
quinone as indicator.® 

C. RECOMMENDED CONTROL PROCEDURES: 
Enclosure is often sufficient for control of 
dilute acid. Where enclosure is impractical, 
as for large metal pickling tanks, exhaust 
ventilation is required, preferably of slot 
type. Enclosure and exhaust ventilation are 
both required for processes using fuming 
acid and for concentrated acid when it is 
heated at or near the boiling point. Skin 
protection from splashes and spills may be 
obtained with rubber gloves, aprons, etc., 
and chemical-type goggles. Emergency eye 
washing fountains should be available in 
the immediate working area. 


IV. Specific Procedures 

A. FIRST AID: Thorough washing of all 
affected parts with water. If in eyes, wash 
continuously for 15 minutes, then refer to 
physician. 


|. Hygienic Standards 

A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): 20 parts of 
vapor per million parts of air, by volume, 
(ppm) Further industrial uses and med- 
ical observations are necessary for confir- 
mation. 

(1) Basis for Recommendation: Ani- 

mal studies.*:* 

B. SEVERITY OF HAZARDS: 

(1) Health: Moderate. May be ab- 
sorbed through the skin.* Experi- 
mental evidence of liver and kid- 
ney damage.*:!+ May defat the 
skin. 

Fire: Slight. The limits 
mability at 100°C are 
mately 2.2 to 15.2% by 
Flash point is 67°C 

(open cup). 

C. SHORT EXPOSURE TOLERANCE: No data, 
other than rats survived saturated vapors 
for four hours.® 

D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Unknown. 


(2) of flam- 
approxi- 
volume." 


(153°F) 


Il. Significant Properties” 
A colorless mobile liquid. 


DIMETHYLFORMAMIDE 
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B. SPECIAL MEDICAL PROCEDURES: 
viduals with pre-existing asthma or other 
respiratory or cardiac disease should be 
excluded from work with this material, 
since excessive exposures may result in 
bronchial constriction. 


Indi- 


NoTE: Dr. M. O. Amdur (Harvard School 
of Public Health) assisted the Hygienic 
Guides Committee in the preparation of 
this Guide. 
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Chemical formula: 
Molecular weight: 
Specific gravity: 
Boiling point: 
Relative vapor 
density :* 
Vapor pressure: 
Solubility : 


HCON (CH,), 

73 

0.9445 (25°/4°C) 
153°C (307°F) 


2.56" (air = 1) 

3.7 mm. at 25°C 

In water and common 

organic solvents. 

At 25°C and 

760 mm. Hg, 
1 ppm of vapor: 
1 mg/liter of 
vapor: 335 ppm 


*Calculated from vapor pressure at boiling point. 


0.003 mg/liter 


Ill. Industrial Hygiene Practice 

A. RECOGNITION: May be recognized by 
its odor. Used as a solvent in spinning 
polyacrylonitrile fibers. Solvent character- 
istics allow many industrial uses. 

B. EVALUATION OF EXPOSURES: 

(1) Instrumentation: None. 

(2) Chemical: Atmospheric determi- 
nations of dimethylformamide 
can be made by collecting the 
sample in water’ and analyzing 

by the method of Bergmann,! 
using alkaline hydroxylamine and 


developing a color with acidified 
ferric chloride. 

C. RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmosphere below 20 
ppm. Detectable odor level is not known, 
but odor is said to be objectionable. Skin 
penetration and local effects require that 
contaminated skin be washed with water. 


IV. Specific Procedures 

A. First AID: Wash contaminated skin 
with copious amounts of water. Irrigate 
eyes with water for at least 15 minutes. 
tefer affected individuals to a physician. 
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sons with renal, liver, or a history of 
any chronic skin disease should not be 
exposed. 
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B. SPECIAL MEDICAL PROCEDURES: Per- 


Because of space limitations, it is impossible to list all methods of exposure evalu- 
ation. The selections have been made on the basis of current usage, reliability, and 
applicability to the usual industrial type of exposure. Any specific evaluation and/or 
control problem will involve professional judgment. This can best be done by pro- 
fessional industrial hygiene personnel. 

Respiratory protective devices are commercially available. Their use, however, 
should be confined to emergency or intermittent exposures and not relied upon as 
primary means of hazard control. 


A relative scale is used for rating the severity of hazards: nil, low, moderate, high, 
and extra hazardous. 
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Hygienic Guides and Binders Available 


NDIVIDUAL Hygienic Guides in loose-leaf form may be obtained from the American 
Industrial Hygiene Association, 14125 Prevost, Detroit 27, Michigan, at 25¢ each. 
Discount of 20% allowed on orders of five or more; 40% on orders of 100 or more. 
Also available are flexible loose-leaf binders for the individual Hygienic Guide sheets. 
The binders have been especially designed to provide maximum protection and ease 
of handling of the Guides. They will be particularly useful in keeping a permanent file. 
The binders are blue in color, with white lettering, and are fitted with %” rings. The 
price is $1.25. The Guides and the binders may be ordered on the blank on page 266. 
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